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SUCCINCT SUMMARY 
An area measuring abput 650 km^ lying between N to S (lowing Hindon and Krishni 
rivers, forming a part of tlie Central Ganga Plain in Muzaffarnagar district of Uttar 
Pradesh, has been covered for the present work which encompasses hydrogeological and 
hydrogeochemical studies, the two main domains of research in groundwater systems. 
The area has witnesse(i a lowering of water table by up to 2.32 m during the period 
from June, 2006 and June^  2007, the average annual decline of groundwater level being 
0.07 to 1.1 m. Two significant groundwater troughs have been observed in the northern 
part of the area which ar« related to excessive pumping. Groundwater budget studies 
have rung the alarm bell by showing a negative annual budget of 68 Mcum, with the 
stage of groundwater development estimated at 137%. 
Groundwater is pred(>niinantly Na-K-HCOj type, its characteristic feature being 
high TDS, relative enrichnicnt in SO4 and abundance in alkalis. Surface water sources, 
the two rivers, are polluted by factory and sewage discharges, discarded leachate and 
chemicals, fertilizers and inunicipal and organic wastes. It has been established beyond 
any doubt that sulphate is being added to the rivers from sugar factories. Vulnerability 
study shows that areas lying along the banks of the two rivers are more prone to 
groundwater pollution. SoJ's of the area also show that their water-soluble components 
are derived mainly from anthropogenic sources. Water percolating through these may 
be transmitting contaminations to aquifers. 
Silica concentrations in groundwater indicate that it may be derived from levels of 
800 to 1000 m. Source of almost all the major ions b through natural processes, such as, 
water-rock interaction and dissolution, and industrial, municipal and domestic wastes 
and discards. The role of anthropogenic sources is rather overwhelming. There are 
temporal, as well as, spatial variations in the chemical quality of groundwater in 
response to meteorological «nd hydrogeological influences, respectively. 
The area provides a characteristic example of a situation which is being witnessed in 
many parts of the country^ in general, and Ganga - Yamuna plain, in particular. Both 
quality and quantity of the precious groundwater resource are being detrimentally 
affected and a situation has arrived when nothing can probably be done except 
regulating the future course of groundwater development and minimizing the 
deterioration caused to th^ system by industries. A number of recommendations have 
been offered to minimize the damages to the groundwater system of the area. 
ABSTRACT 
The Ganga basin forms one of the most potential groundwater 
reservoirs in the world. An area of about 650 ian ,^ located between rivers 
HindonandKrishni(29^05'N-29^30'N: 7T20'E- 7T32'E) inthisbasin, 
has been covered for this study. 
The Central Ganga Plain has been exhaustively studied on regional 
scale by Government agencies but not many studies have been carried out at 
the levels of parts of sub-basins or administrative units. However, due to the 
escalation of demand-supply ratio, as a result of the population growth and 
rapid industrialization, it has become essential to monitor the groundwater 
management minutely with a lot of precision. For this, hydrogeological 
parameters, groundwater budget and chemical characteristics all are to be 
collectively monitored at larger scale. Groundwater budgeting and 
suggesting ways of mitigating the deterioration of the quality of aquifers 
serve as the backbone of groundwater management programme, and this 
precisely had been one of the main objectives of this work. 
An inter-stream area happens to be the true representative of an 
overexploited and extensively cultivated region. The groundwater abstraction 
in such areas is at alarming rates and thus threats are posed as far as the 
ultimate survival of groundwater systems is concerned. Moreover, as in the 
area under study, rapid industrialization, in the form of sugar mills, pulp and 
paper factories, cooperative distilleries and municipal wastes, is altering 
groundwater chemistry so much so that meteoric signatures have been 
completely obliterated. Keeping this in view, the area was undertaken for 
present work. The research has been focused on understanding the aquifer 
system, aquifer parameters, status of groundwater budget, and chemical 
characteristics of the groundwater and surface water. 
For the above purposes intensive field investigations were undertaken 
to generate the data base. A network of evenly spaced, observation wells was 
established and monitoring of water level was carried out during pre-
monsoon (June 2006, 2007) and post-monsoon (November 2006, 2007) 
periods. The water level data were utilized for preparation of depth to water, 
water level fluctuation and water table contour maps. The lithological logs of 
deep tube wells were collected and utilized in preparation of fence diagram 
and various hydrogeological cross-sections to ascertain aquifer geometry. The 
aquifer material (sand samples) were collected fix)m six drilling sites. The 
depth of sample collected range from 33- 66 m bgl. These samples were 
mechanically analyzed and data obtained were plotted on grading curve to 
determine effective grain size and uniformity coefficient. Hydraulic 
conductivity of these sand samples was also determined instrumental ly. Water 
level data for 5 hydrograph stations were utilized to prepare hydrographs. Data 
on pumping tests were obtained from previous studies. 
The area on an average receives 588 to 697 mm of annual rainfall. 
Change Detection Analysis of land use/land cover for the years 1992 and 1999 
reveals that areas of agricultural land and wasteland have decreased. The area 
occupied by settlements has correspondingly increased and this is obviously 
related to an increase in the population. This is a pointer to the alarming threat 
to the groundwater system of the area. 
Geologically, the area is underlain by about 1300 m of alluvial deposits 
of Quaternary age with Delhi Supergroup forming the basement. Four distinct 
aquifer groups were identified to the depth of 450 m bgl. Each group of 
granular zone represents a separate sedimentological environment. The first 
group of aquifer system has been taken up for detailed investigation in the 
present study. This aquifer is sub divided at places in to two to three sub 
groups due to the occurrence of sub-regional clay beds. The fence diagram 
depicts occurrence of a single aquifer down to a depth of 121 m bgl. The top 
clay layer is persistent through out the area with varying thickness and is 
underlain by a single granular zone. The granular zone is composed of 
medium to coarse sand and forms about 60 to 75% of the total litho-mass 
encountered, particularly in the upper central part of the area. The sand 
percent map reveals that the granular zone attains a maximum thickness 
(74%) near left bank of river Krishni and gradually increases towards both the 
river banks. Fence diagram and sand percent map are mutually consistent. 
Depths to water table during pre- and post-monsoon range between 
9.87 to 27.78 m bgl and 8.9 to 27.46 m bgl, respectively, in 2006. In 2007, the 
water level varies between 9.76 to 29.44 m bgl and 9.67 to 29.28 m bgl, 
respectively. Water table contour maps have revealed that the movement of 
groundwater is, in general, N to S. However, local variations do exist, which 
in all likelihood are related to over abstraction of groundwater. Two 
significant groundwater troughs are observed in the area which seem to be a 
persistent feature of the groundwater regime of the area. Hydrographs show 
declining trend, average annual decline of groundwater in the area being 
0.07 to 1.1m. 
Permeabilities ranges from 12 to 54 m/day on the isopermeability 
map. The bulk of the area is represented by 20-30 m/day permeability zone. 
The hydraulic conductivity of aquifer materials were also determined by 
constant head Permeameter and the values obtained ranges from 1.07 to 3.84 
m/day which correspond to typical conductivity value of fine-grained sand. 
The transmissivity values obtained by pumping test reported in previous 
studies ranges between 720 and 1820 mVday. These data are not mutually 
consistent. 
The groundwater budget of the area shows that the total recharge is 
185.13 Mcum and total discharge is 253.2 Mcum. Thus, the area is 
characterized by a change in groundwater storage by about -68 Mcum. The 
stage of groundwater development works out to be 137%, which puts the 
area into over-exploited category. 
The vulnerability map categorizes the area in low to very high 
vulnerability zones. Major portion of the study area comes under the moderate 
category. 
t i le . A^ ' 
Groundwater chemistry is an integral part of any groundwater research. 
Samples were collected from Krishni and Hindon rivers to see the level of 
contamination in surface water. Two effluent samples were collected from the 
sugar factory in the area to have an idea about the source of chemical species 
in surface- and groundwater. A total number of 108 groundwater samples from 
shallow and deep aquifers, were collected during November, 2005, and June, 
2006, representing post- and pre-monsoon periods, respectively. Analysis for 
NO3 and silica was done in samples collected in June, 2007. Besides, a set of 
13 trace metals comprising Cu, Zn, Ni, Fe, Mn, Co, Cr, Se, Cd, As, B, Ag and 
Pb were analyzed in 18 groundwater samples by ICP-MS. The objective was 
to assess the groundwater quality and to evaluate processes responsible for 
the observed temporal and spatial variations in hydrogeochemistry. 
The groundwater of the area is characterized by relatively high TDS 
values, averaging 900 to 1000 mgA, in the two sampling seasons. Variation 
range for pH is from 6.8 to 8.5. On the basis of LL diagram, 4 different types 
of water are identified, i.e. I) Ca-Mg-HCOa type, II) Ca-Mg-HCOa dominating 
mixed type. III) Na-K-HCOa type, and IV) mixed type. The majority of the 
samples, however, plot in Na-K-HCOj field. The pre-monsoon distribution of 
sample plots on the L-L diagram is more compact. Two major populations are 
identified which correspond to types III and IV of the post- monsoon plot. It 
appears that types I and II are somewhat transitional compositions which are 
identifiable only after the monsoon and with passage of time they tend to 
merge with type III field. This shifting of composition to the right basically 
implies addition of alkalis to the groundwater during relatively dry period 
during the course of the groundwater movement through water- rock 
interaction and/or anthropogenic influence. The majority of the samples are 
fit for human consumption. Water from the deeper aquifers is relatively safe 
for drinking purpose. 
Field survey reveals that a number of sugar mills and paper factories 
are discharging their effluent in rivers Krishni and Hindon in the upper reaches 
of the study area. On the basis of chemical analysis of groundwater samples 
there are ample evidence that sugar mill effluent is a source of pollution of 
groundwaters, if not in the entire area then definitely in the vicinity of the 
sugar mills and particularly in samples collected from close to the banks. 
Very high sulphate values of up to >200 mgA are definitely related to the 
sugar industry in the area. Higher concentrations of Fe, Mn and Pb are found 
at some locations and may be attributed to the industrial pollution. Chemistry 
of water-soluble components of soils has indicated that it is affected by the 
excessive use of fertilizers in the area. Water percolating through these soils is 
likely to impart these chemical signatures in groundwater. 
Silica values have revealed that the groundwater could have 
residence in aquifers lying 800 to 1000 m bgl. Plot of silica with TDS and CI 
suggest that the source for chemical species in groundwater is not 
predominantly through water-rock interaction. It has been recommended 
that silica analyses should be routinely done during the course of 
groundwater investigations. 
The present study encompasses two major spheres of the study of a 
groundwater system, i.e. hydrogeology and hydrogeochemistry, and therefore 
an attempt has been made in the thesis to understand the relationship between 
the two. It has been inferred that spatial geochemical variations are 
influenced by hydrogeological parameters. 
This work could be extended further as the sub-basin needs to be 
monitored for groundwater conditions for some years. The dynamic resource 
of the area is being exploited at an alarming rate. The groundwater is being 
harnessed continuously to cope up with the rising demands. Moreover, the 
recharge to the system is decreasing day by day due to deficit rainfall and 
demographic factors. A set of recommendations have been offered which 
may be useful for planners and administrators. 
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CHAPTER 1 
INTRODUCTION 
INTRODUCTION 
Water is the most valuable natural resource available on Earth without which the life, in 
context of both animal and plant kingdoms, could simply be not sustained. The 
hydrosphere, although constitutes three-fourth of the earth surface but ironically, the 
fresh water, available for human consumption, is only meager 0.71% of all the water 
available on the planet. The facts that such a vital resource is so very limited and is put to 
all kinds of menaces in terms of both quantity and quality due to population explosion 
and resultant urbanization and industrialization, has necessitated detailed appraisal of 
freshwater resources all over the world. India is no exception and right since 1970 there 
had been great thrust on researches in various spheres of the science dealing with 
groundwater resources. 
Water has become the most commercial product of the 21st century. This may 
sound rather bizarre, but it is true. There are no two opinions that what water is to the 
21st century; oil was to the 20th century. This situation has emerged due to tremendous 
stress on multiple water resources, which in turn, is a result of a multitude of factors. On 
the one hand, the rapidly rising population and changing lifestyles have increased the 
need for fresh water, and on the other, intense competitions among users, i.e. agriculture, 
industry and domestic sectors, is pushing the ground water table deeper and deeper 
(Srivastava, 2003). 
In many parts of the world groundwater resource base and the socio-economic 
and environmental systems dependent on it are under threat due to unsound management 
strategies. The north-west region of India, comprising the states of Punjab, Haryana and 
Western Uttar Pradesh (of which the area of study is a part) is one such region (CASA, 
2004). 
There is no doubt that water is critical and will remain critical to all the endeavors 
directed towards making the world even better and the scenario in India is no different. 
Land and water are the most vital resources around which overall development of a 
country rests. The strong interaction between the two and their dependence on other 
components of the socio-ecological system highlights the need for putting groundwater 
resources at the centre of any developmental effort. 
In the water sector, Indian efforts have so far concentrated largely on developing 
the resource. Unfortunately, very little attention has been directed to ensuring its 
efficient, equitable and sustainable use. The increase in cropping intensity and 
improved technology are the main factors in bringing about manifold grov^h in 
Indian agriculture over last three decades, in spite of the fact that the arable land has 
ceased to grow, and as a matter of fact, has declined (Alagh, 2003). This remarkable 
achievement of the country has necessitated the availability of more and more water 
for irrigation purposes, and therefore, has definitely resulted in causing a lot of 
pressure on groundwater resources. The demand for agricultural products, naturally, 
would keep on rising if food security is to be assured to more than a billion people of 
the country. 
A cause for depleting groundwater resource is that in our country groundwater is 
"an open access common property resource" and the country is faced with a situation in 
which one user tries to maximize his share, lowering the share of others. The irony is that 
when groundwater level gets lowered due to excessive and indiscriminate use, wells are 
deepened further and even more powerful pumps are installed. This raises the cost of the 
availability of groundwater for all. The net result is even further depletion of the resource. 
The alluvial areas of the country have been one of the most productive areas from 
the point of view of agriculture. There has been a spectacular increase in agricultural 
production in these areas during the past few decades. This is largely attributed to the 
expansion of irrigation networks that existed in these regions. Canals in the initial stages 
and tube wells immediately thereafter, have played a crucial role in a quantum jump in 
agriculture production (Prihar et al., 1993). The development of irrigation has been a 
mixed blessing. As mentioned earlier, while it has helped in increasing the agriculture 
production, it has also caused water logging in canal command areas and resulted in 
overexploitation of groundwater and consequent declining of water table (Sondhi and 
Khepar, 2003). Such situations have affected 242 administrative blocks of the Gangetic 
plain, which are suffering from various kinds of problems related to overexploitation of 
groundwater resources (Alagh, 2003). 
1.1 GLOBAL SCENARIO OF GROUNDWATER 
It is almost a common knowledge that saline water in the oceans accounts for 97.2% of 
the total hydrosphere. The land area holds the remaining 2.8%. Of this remaining 2.8%, 
ice-caps and glaciers hold 2.14% and 0.61% is accounted for by the groundwater to a 
depth of 4000 meters. More than 98% of the available fresh water is groundwater which 
far exceeds the volume of surface water (Fetter, 1990). 
Globally, agriculture is the largest consumer of water (70% of the total 
availability), followed by the various industries (20%) and domestic uses at about 10% 
(Anon, 2008). These proportions, however, vary from country to country. 
Domestic water supplies are provided dominantly from groundwater resources in 
most of the countries. In addition, groundwater also plays an integral role in sustaining 
ecosystems and landscapes in humid and semi arid regions and on coastal margins. 
As the growth in the global population continues, the demand for clean water 
increases the pressure on both surface and ground water resources proportionally, and 
consequently, in recent decades, more than two dozen countries have become water-
scarce. The projected population growth for the next few decades could push yet another 
two dozen countries and hundreds of millions of people over the brink of water shortage. 
Water scarcity may be faced by the entire "watery planet" by 2050, if action is not taken 
in time (Campbell, 2003; Kumar, 2003). This is particularly so in semiarid and arid 
regions of the world where usable water supplies are relatively scarce. 
The problem that is being faced globally is a consequence of a number of factors, 
such as: 
1. The pressure on the water resources has increased by an order of magnitude 
during the post-II World War period, particularly due to rapid industrialization 
and urbanization. 
2. Water resources, both on surface and underground, have been, in general, poorly 
managed. Strategic planning had always been lacking. 
3. No thrust was given to groundwater investigations in the previous century 
although it had been realized that the success of changing crop patterns and 
intensive agricultural activities depend almost exclusively on availability of more 
and more water for irrigation purposes. 
4. There is a directly proportional relationship between pollution and population. 
Increasing population has resulted in large scale pollution of groundwater 
resources. This is mainly related to discharges from industries and municipal 
wastes. These situations, in particular, have reached alarming levels in 
underdeveloped and developing countries. 
A late realization though, it is now understood the world over that for better 
management of groundwater resources, the vulnerability of groundwater resources to 
drought, over-abstraction and quality deterioration must be assessed both now and in the 
context of climatic change and global warming that the planet is in the course of 
experiencing (Struckmeier et al., 2004). 
The hydrological cycle is an integral part of the climate system and the trends of 
climate change, as inferred by meteorologists and climatologists are expected to have 
negative effects on water resources in the form of a shorter spell of precipitation season 
and an increase in hydrological extremes, such as, floods and droughts. Relative to 
surface water resources, the potential effects and consequences of climate change on 
groundwater have not received as much attention (IPCC, 2001). These effects may 
manifest in many forms, such as, variations in groundwater level fluctuation (Chen et al., 
2004), changes in soil pore water pressure (Collison et al., 2000), alteration of 
groundwater flow regimes (Scibek and Allen, 2006) and changes in the volume and 
quality of groundwater resources (Brouyere et al., 2004; Bloomfield et al. 2006; Ranjan 
et al. 2006). Several studies have aimed to quantify the likely direct impacts of changing 
precipitation and temperature patterns on groundwater recharge (Eckhardt and Ulbrich, 
2003), while others have extended this analytical approach to include the indirect effects 
on recharge charateristics (Holman, 2006). 
1.2 SCENARIO OF GROUNDWATER RESOURCES IN INDIA 
The climatic conditions in India are unique in the sense that the country has a distinct 
rainy season, under the influence of monsoon, starting from June to October. It is 
estimated that the annual, rainfall in India is about 400 million-hectare meters. However, 
less than 20% of it is utilized only and the remaining reaches the sea eventually or gets 
evaporated. Although, overall there is plenty of water around but still many areas in the 
country remain drought-prone. This is more due to improper planning of water 
conservation and lack of water resources management policies rather than natural factors 
that India is ranked 122 out of 130 nations in terms of water quality and 132 out of 180 
nations in terms of water availability (Tikoo, 2003). 
Rainfall is the main source of recharge to groundwater storage. Most of the 
groundwater development takes place from the dynamic zone of water level fluctuation in 
the unconfmed aquifers where active recharge takes place. The dynamic groundwater 
resources of the country have been computed as 433 BCM (billion cubic meters). 
Keeping 34 BCM for natural discharge, the net annual groundwater availability for the 
entire country is of the order of 399 BCM. The annual groundwater draft has been 
computed as 231 BCM, out of which 92% is for irrigation (213 BCM) and 8% is for 
domestic and industrial use (18 BCM). The stage of groundwater development is 58% 
(Romani et al., 2006; Nandakumaran, 2008). 
Currently, total water use (including groundwater) is 634 BCM, of which 83 
percent is utilized for irrigation purposes. This means that in addition to the availability 
of 433 BCM of groundwater, 201 BCM of water in use is from surface resources. The 
demand for water is projected to grow to 813 BCM by 2010, 1,093 BCM by 2025 and 
1,447 BCM by 2050. Groundwater, in particular, will come under even greater pressure 
in the coming years http://news.boloii.com/2007-2/200709/11983.htm). 
The rate of extraction of groundwater is increasing and in many blocks exceeds 
the rate of recharge, leading to lowered water tables. "Twenty-eight percent of the blocks 
are now semi-critical, critical and over-exploited" stated the report of the Expert Group 
on Ground Water Management. The number of dark or over-exploited critical blocks has 
grown from 4% in 1995 to 15 percent in 2004 (httD://news.boloii.com/2007-
2/200709/11983 .htm). 
As suggested by another study, of the 5723 assessment units 
(blocks/mandals/talukas/watersheds), 839 are categorized as "over-exploited" where the 
stage of development exceeds annual replenishment, and 226 blocks/watersheds are 
critical where groundwater development has reached a highly alarming level (Romani et 
al., 2006). 
Groundwater constitutes a vital natural resource in India for sustaining 
agricultural economy and meeting ecological and environmental goals. It is a unique 
resource, widely available, providing security against droughts and yet it is closely linked 
to surface-water resources and the hydrological cycle. Its availability depends on 
geohydrological conditions and characteristics of aquifers and, in general, it is available 
from shallower levels in alluvium to deeper levels in the bedrock. It plays a key role in 
the provision of safe drinking water to both rural and urban populations. Almost 80% of 
domestic water use in rural areas in India is groundwater-supplied (Kumar, 2007). In 
urban regions this quantity is even more. 
India is a vast country having diverse geological, climatological and 
physiographic scenarios. This cumulatively results in giving rise to divergent 
groundwater situations in different parts of the country. The hydrogeological set up in the 
country, consequently, varies widely. The prevalent rock formations, ranging in age from 
Archean to Recent, are widely varied in composition and structure and control both the 
occurrence and the movement of groundwater. 
Groundwater resource availability thus depends upon a combination of favourable 
parameters, such as, geological environment, geomorphological conditions, topographical 
set-up, nature and type of the weathered zone and soil cover and climatic conditions, 
particularly in terms of precipitation. As mentioned above, these parameters are not 
uniform throughout the country. Consequently, the resource availability is also highly 
variable in the country, for example, one third of the country, covered by alluvial and 
sedimentary formations has very good potential, where as the remaining two-third, 
overlain by hard rocks, has limited to moderate potential only (Kittu 2003). 
The lofty mountain chains in the north with high runoff, offers little scope for 
groundwater storage. However, they play an important role in recharging the vast Indo-
Ganga-Brahmaputra plains, extending over a distance of 2000 kms from Pimjab in the 
west, to Assam in the east. This region is characterized by multi-aquifer system, which 
has been explored to 600 m, and evidently holds promise for extensive and productive 
groundwater reservoirs. The aquifer systems are extensive, thick, hydraulically 
interconnected and moderate to high yielding (Sharma, 2004; Romani, 2006). 
The peninsular shield in the south, on the other hand, comprises discontinuous 
aquifers of limited potential in weathered and fissured consolidated sedimentary rocks, 
basalts and crystalline rocks. Rugged topography and compact and fissured nature of the 
rock formations results in the formation of discontinuous aquifers with limited to 
moderate yield potentials. Generally, the potential water-saturated fracture systems occur 
down to 100 m depth and yield up to 30 liters per second (1/s). 
The coastal areas around the peninsular shield have a thick cover of Pleistocene to 
Recent alluvium with potential aquifers but associated with the risk of sea water 
intrusions. In fact, instances of sea water are reported at a number of places along both 
eastern and western coasts. 
The arid and semi-arid regions of Rajasthan and Gujarat with scanty rainfall and 
practically no recharge have restricted occurrence of deep aquifers tapping fossil water 
only (Kumar, 2003). 
On volumetric basis, status of groundwater development for the country as a 
whole is around 37.24%. The state-wise development pattern is highly variable. For 
example, the western U.P., of which the present study area is a part, registers a high 
status of development which varies from 60 to >100%. This scenario necessitates precise 
evaluation of groundwater resources. With this objective, various aspect of water entering 
into the system can be quantitatively and qualitatively evaluated so that a rational 
approach may be adopted regarding development and management of groundwater 
resources of the area. Keeping this in view, the present study area was selected for the 
study. 
1.3 AREA OF STUDY 
The study area lies in the western part of Muzaffamagar district, bounded on the east by 
the Hindon river and on the west by the Krishni river. It lies between the latitude 29°05'N 
and 29°30'N and the longitude 77°20' E and 77°32' E and covers an area of about 650 
km^ (Figure-1). The area falls in Sur\'ey of India Toposheets No. 53G/7, 53G/8, 53G/11 
and 530/12 on 1:50,000 scale. Almost all the villages are well connected by motorable 
roads. 
Muzaffamagar is an important industrial district with sugar, steel and paper being 
the major products. More than 70% of its population is engaged in agriculture. It boasts 
of having one of the highest per capita incomes in the country and the highest in the state 
of Uttar Pradesh. The Muzaffamagar market of Jaggery is the largest in the world 
(http://en.wikipedia.org/wiki/Muzaffamagar). 
1.4 AIMS AND OBJECTIVES 
The investigation being presented here, was carried out in the Krishni-Hindon 
interstream region with the following objectives: 
> To delineate the regional aquifer system, their geometry, and their aquifer 
parameters 
> To study the movement of groundwater and long term behaviour of water level in 
space and time 
> To evaluate groundwater resources of the area 
> Development and improvement of water balance of an aquifer incorporating 
natural conditions of flow system 
> To study the chemistry of groundwater system and evaluate its suitability for 
various uses 
> Demarcation of aquifer zone vulnerable to contaminations 
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1.5 METHODS AND LINES OF STUDY PURSUED 
In order to generate quantitative data base on hydrogeology and hydrochemistry, 
systematic groundwater surveys were carried out supported by laboratory 
investigations. The methodology followed and the techniques adopted are 
enumerated below. 
• The literature pertaining to study area was collected and background information 
was generated. 
• Toposheets of the study area were used to generate base map for the field survey. 
• Rainfall and various other hydrological and hydrogeological data pertaining to the 
area were collected. The rainfall data were statistically analyzed and the mean, 
standard deviation, coefficient of variation were calculated. 
• A Land use and Landcover map for the area was generated using Landsat 
Multispectral Imagery for two different time periods. A change detection analysis 
in Landuse and Landcover using two time period data is also attempted. 
• Evenly spaced 39 observations well (handpumps) were selected to monitor water 
levels. Coordinates of the wells were taken using GPS. 
• Repeat measurements to monitor the changes in water level, for pre and post 
monsoon were carried out in year 2006 and 2007 in all the monitoring wells. 
• The water level data of monitoring wells were processed and various maps like 
depth to water map, water table contour maps and water level fluctuation maps 
were prepared. 
• Historical water level data of hydrograph stations monitored by Central Ground 
Water Board and State Groundwater Department was utilized to prepare 
hydrographs to infer long term water level trends. 
• Lithologs of deep tube wells were collected to prepare various cross-sections and 
fence diagram. 
• Sand samples were collected from varying depths of granular zones and were 
utilized for permeability estimation in the Laboratory using Permeameter. 
• The sand samples were also mechanically analyzed for grain size analysis and 
parameters like effective grain size and uniformity coefficient were determined. 
• Groundwater Budget was prepared for June 2006 to June 2007 using guidelines 
provided by Groundwater Estimation Committee 1997 (GEC 97). 
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• In all, 108 groundwater samples were collected from shallow and deep aquifer for 
physico-chemical analysis in two successive seasons viz. post-monsoon and pre-
monsoon period corresponding November 2005 and June 2006, respectively. 
• Out of 108 samples, 44 samples were collected in November 2005 and 64 samples 
in June 2006. In addition to this 25 samples were also collected from deeper levels 
representing same sampling sites. 
• Beside major ions, eighteen groundwater and two effluent samples were also 
analyzed for trace elements using Inductive Coupled Plasma-Maas 
Spectrophotometer (ICP-MS). Twelve samples were also analyzed for their Si02 
content. 
• Six surface water samples were also collected from Krishni and Hindon rivers 
during November 2005 and were analyzed for major ions. 
• Groundwater of the study area was classified into different chemical groups on the 
basis of major ions constituents. 
• Various mechanisms were identified and presented, which seem responsible for 
alteration in groundwater chemistry. 
• Classification of aquifer vulnerability to contamination is also attempted. 
• Concurrence and synthesis of hydrogeological, hydrometeorological and 
hydrochemical data was attempted to generate the model for groundwater 
regime of the area 
1.6 PREVIOUS WORK IN THE STUDY AREA 
Detailed hydrogeological investigations in the area were carried out by Central 
Ground Water Board (CGWB) and Groundwater Department of U.P. state 
government. A part of the study area is well studied under upper Yamuna project of 
CGWB. The objectives of the project were to map sub-surface aquifers occurring to 
depths of 450 mbgl and to determine their parameters. Bhatnagar et al., (1982) 
analyzed, correlated the electrical and lithological logs of exploratory boreholes, and 
identified four distinct groups of permeable granular zones separated by three poorly 
permeable to impermeable horizons. These groups of aquifer extend all over the basin 
except close to Delhi where the bedrock is encountered at shallow depth. 
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Gupta et al., (1979) carried out Electric Analog model study in Krishni-
Hindon interstream region. The model study shows that the aquifer can sustain the 
withdrawal rate of 200 million cubic metre (Mcum)/year with out much damage to the 
groundwater regime. However, only an increase of 5% to the said draft shows 
detrimental and deleterious effects on the aquifer. Further decreased rainfall/droughts 
would deteriorate the situation. 
In another aquifer modeling study Gupta et al., (1985), have assessed the 
stream aquifer interaction and impact of conjuctive use of surface water and 
groundwater on groundwater regime of the area. 
Goel, (1975) conducted recharge estimation studies using environmental 
tritium method and recommended 22% of rainfall as recharge to aquifers in Western 
Uttar Pradesh. 
Khan (1992) carried out systematic hydrogeological survey in parts of 
Muzaffamagar district. This study encompasses groundwater chemistry and water 
balance study of the area. Kumar (1994) carried out reappraisal survey in parts of 
Muzaffamagar and identified Baghra, Kairana, Un, Budhana, and Shahpur blocks as 
overexploited, where the groundwater development has reached up to 142.15%. The 
study recommended that the exploitation of groundwater be stopped in these blocks. 
Kumar and Seethapathi (2002) suggested an empirical relationship for 
estimation of the groundwater recharge from rainfall with reasonable accuracy in 
Upper Ganga Canal command area which is adjacent to the present study area. The 
formula states 
R=0.63(P-15.28)0.76 
Where, R is groundwater recharge from rainfall in monsoon season (inch) and P is 
mean rainfall in monsoon season (inch). 
Jain et al., (2004) have studied zinc metal in bed sediments of river Hindon 
and concluded that the pollution from industrial and agricultural sources to a great 
extent is responsible for high concentration of zinc in river water. In another study, 
Jain et al., (2005) have studied metal pollution in water and sediments of River 
Hindon in western Uttar Pradesh. The metals which were reported are Cd, Cr, Cu, Fe, 
Mn, Ni, Pb and Zn. The study reveals that the River Hindon is subjected to varying 
degree of pollution caused by numerous untreated and/or partially treated waste inputs 
of municipal and industrial effluents. Further, the higher concentrations of metals in 
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river water in the upper stretch are largely attributed due to the mixing of effluents 
from Paper Mill and Distillery. 
Umar et al., (2006) carried out detailed hydrogeochemical survey in parts of 
Kali-Hindon interstrem region and classified different types of groundwater with high 
TDS. Strikingly high sulphate concentration and its possible sources were also 
reported. In another study, Umar and Ahmed (2007) carried out detailed 
hydrogeochemical survey in Yamuna-Krishni interfluve region and observed similar 
trends. The groundwater was high in TDS with high sodium, bicarbonate and 
sulphate. They presented various mechanisms involved in chemical alteration of 
groundwaters of the study area. 
Bhosle et al., (2007) carried out remote sensing, GIS and GPR studies in 
Western Gangetic Plains and located a new active transverse E-W running fault 
passing through the city of Muzaffamagar. 
Ahmed and Umar (2008) presented a detailed assessment of groundwater 
budget in Krishni-Yamuna interfluve incorporating all possible inflow and outflow 
component. The results show a deficit groundwater balance. The study shows that the 
Kairana and Shamli blocks are overexploited. 
Umar et al., (2008) carried out detailed hydrogeological survey and an attempt 
has been made to calculate a water balance for Kali-Hindon inter-stream region of 
Muzaffamagar district. Various inflows and outflows to and from the aquifer have 
been calculated. The results show that total recharge into the system is 148.72 million 
cubic meters, whereas total discharge is 161.06 MCM, leaving a deficit balance of-
12.34 MCM. This study shows that the area is overexploited. 
Tyagi et al., (2008) carried out hydrochemical appraisal of groundwater and its 
suitability in the intensive agricultural area of Muzaffamagar district, Uttar Pradesh. 
In this study, groundwater is neutral to moderately alkaline in nature. Chemistry of 
groundwater suggests that alkaline earths (Ca + Mg) significantly exceed the alkalis 
(Na + K) and weak acids exceed the strong acids (CI + S04), suggesting the 
dominance of carbonate weathering followed by silicate weathering. Majority of the 
groundwater samples posses various types of hydrochemical species. A positive high 
correlation (r^  = 0.928) between Na and CI suggests that the salinity of groundwater is 
due to intermixing of two or more groundwater bodies with different hydrochemical 
compositions. 
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1.7 NEED TO CARRY OUT TfflS STUDY 
The study area is dependent on agricultural activities as it is the mainstay of life. 
Groundwater development has already reached to a critical stage in some part of the 
study area. The high rate of groundwater abstraction, application of fertilizers and 
increasing industrialization and other factors which are indeed prerequisite for the 
prosperity of the study area are posing several threats to the groundwater regime both 
qualitatively and quantitatively. The declining groundwater trend would eventually 
lead towards dewatering of shallow saturated zones and thus future groundwater 
scarcity is inevitable with the present rate. 
The deficit groundwater balance vis-A-vis quality deterioration of groundwater 
raises serious concern, as groundwater is the major source of irrigation and agriculture 
is the main stay of life in this region. The present study is significant because of the 
water balance studies have been carried out afresh at microwatershed level 
incorporating all inflow and outflow components. This study will eventually facilitate 
various groundwater management schemes at micro level as well as the quality of 
groundwater as related to different purposes. 
The geomorphology, geology, hydrogeology, hydrochemistry, and 
groundwater budget have been described under the present study to provide a 
quantitative data base at micro level. 
1.8 BRIEF OUTLINE OF THE CHAPTERS 
Present study was started during November, 2005, as a part of the requirements for 
the Doctor of Philosophy programme, with a view to carry out detailed 
hydrogeological, hydrogeochemical and groundwater resource evaluation of Krishni-
Hindon Inter- stream region, western Uttar Pradesh. 
Chapter 1 provides the basic background needed to address the importance of 
groundwater, its availability throughout the globe, in general, and in India, in 
particular. It also lists out the objectives and methodology employed for the present 
study. Previous studies and the need for carrying out the present study have also been 
discussed. 
Chapter 2 summarizes techniques of data acquisition and methodologies 
adopted pertaining to detailed hydrological, meteorological, hydrogeochemical and 
aquifer vulnerability studies. 
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Chapter 3 deals with the introduction to the study area. It includes its 
geographic location, physiography, climate, occurrence and variability of rainfall, soil 
types and surface and subsurface geology. It also encompasses prevailing water use, 
land use and land cover in the study area. 
Chapters 4, 5 and 6 present regional hydrogeological set up of the area and a 
rather detailed account on various aspects of the hydrogeology of the area. These 
chapters include aquifer geometry, its extension and types. Depth to water table, slope 
and movement of groundwater, long term water level trends are also described. 
Aquifer parameters determined by various techniques and from previous studies have 
also been discussed in these chapters. 
Chapter 7 examines the groundwater budget within the study area. The 
quantification of dynamic resource is a challenging task, full of uncertainty and errors 
in its estimation. The resource estimation in alluvial aquifer often carries errors 
pertaining to accurate estimation of various inflows contributing to the aquifer system. 
In order to implement groundwater management plan, groundwater budget study of 
the area is a prerequisite. Efforts were made to carry out groundwater budget, 
including all possible components of groundwater recharges and discharges. The 
Groundwater Resource Estimation (GEC 97) norms were applied for the present 
study. 
Chapter 8 demarcation of aquifer zone vulnerable to contaminations and 
feasibility study of its mitigation have also been attempted. 
Chapter 9 encompasses the detailed chemical classification of groundwater 
into different groups with the help of Piper's trilinear diagram and LL diagram. It also 
deals with physical and chemical properties of groundwater. The suitability of 
groundwater for drinking and irrigation purpose has also been discussed. 
Chapters 10 discuss chemical characterization of groundwater with the help of 
X-Y plots. Trace element analysis, chemical characteristics of soil and dissolved silica 
analysis have also been presented in this chapter. 
Finally, Chapter 11 sums up the entire work which has been carried out stating 
its importance and significance for better understanding the groundwater regime of 
the study area. It also puts forward certain recommendations which may be used for 
long term water management and planning. Various management options available 
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1.9 SCOPE OF THE PRESENT WORK 
The area under study is a highly fertile land and is a leading producer of a number of 
crops. It is densely populated and its economy is mainly dependent on agriculture and 
its allied activities. In order to keep pace with the increasing demand of food grains 
due to explosive population growth, it is essential to boost the agrarian economy. For 
obtaining the maximum benefit from agricultural sector, assured irrigation is one of 
the prime requisite. Therefore, it becomes essential to manage the available water 
resources of the area judiciously and scientifically for fruitful results without creating 
any environmental hazards. A precise qualitative and quantitative evaluation of 
groundwater will provide a useful guideline to planners and decision makers for 
implementing an effective groundwater development and management strategy in the 
area, and in nutshell that had precisely been an objective of this work. 
The present work can be extended as the sub-basin needs to be monitored for 
groundwater conditions for some years. The dynamic resource of the sub-basin is 
being exploited at an alarming rate. The groundwater is being harnessed continuously 
to cope up with the rising demands. Moreover, the recharge to the system is 
decreasing day by day as groundwater discharge exceeds the recharge, due to deficit 
rainfall. The applicability of recommendations and their socio-economical impacts 
need to be analyzed in the times to come. 
Due to the escalation of demand-supply ratio because of population growth it 
becomes essential to monitor the groundwater management minutely with a lot of 
precision. For this groundwater budgeting is to be done at a micro level, which should 
include all the possible influential factors and components available. The precise 
groundwater budgeting serves as the backbone of groundwater management 
programme which can be achieved after a detailed hydrogeological examination. 
Therefore this study emphasizes upon the importance of ground water budget. 
Groundwater resource development and management personnel are concerned 
with sustain yields of wells and aquifers, the interference between wells and well 
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fields, the interrelation between surface water and ground water, and the quality of 
groundwater. 
Groundwater management has been the key issue for most of the problems 
related to water resources in the semi-arid areas with over exploited aquifers. In spite 
of several types of artificial recharge structures, the water level decline continues and 
it has become imperative to consider analyzing the demand of groundwater. This 
needs to evaluate each and every component of the groundwater and prepare a 
meaningful groundwater balance. The groundwater balance and budgeting using new 
and specific techniques of estimation will help in planning and decision making for 
the policy makers on one hand and to the farmers on the other hand to adopt suitable 
agriculture practices and prepare groundwater demand scenario providing feasible and 
sustainable management of groundwater. 
Multidisciplinary scientific studies for the evaluation of natural phenomenon 
are prone to errors at some stages of assessment and improvements are always 
inevitable. The study is almost entirely dependent on a single parameter and that is the 
location of the observation points. The observation points (hand pumps) may not 
always be located at places where they should ideally be from the point of view of a 
better or more controlled sampling. This has been taken care of to the best possible 
way through a judicious and as far as possible nearly equally spaced observation 
points. Shortfalls are inevitable even then. 
Improvements are always possible in groundwater budget, at the statistical 
level, like number of groundwater draft structures and irrigation water applied may 
also carry certain errors. The vertical leakage from one aquifer to the other may be 
one cause for errors. In spite of all precautions taken the groundwater budgetary 
estimates given here may not be considered final. 
Fertility of the land, suitability of the region for industrial development and 
good rail and road connectivity to the National Capital Region are all significant 
factors controlling the present demography of the area. The population increase and 
consequent emphasis on both agriculture and industries sectors result in not only a 
proportionate per-capita decrease in the availability of the groundwater resource, but 
also affects its quality and suitability from the points of view of various modes of 
consumption. 
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With this background, in addition to discussing the conventional 
hydrogeological attributes of the area, emphasis has in particular been laid on 
hydrogeochemical aspects, such as, chemical types of groundwater, temporal and 
spatial variation in chemical characteristics, chemical alteration trends of 
groundwater, factors affecting the chemical quality and a relationship between 
hydrogeology and hydrogeochemistry. Again, the idea is to provide some clues to 
planners and administrators to mitigate the problem of groundwater pollution. 
It is expected that this study will be useful in developing a better 
understanding of hydrological and hydrogeochemical conditions of the area, which in 
turn, would be useful for the development of agriculture and thus would help raise the 
living standard of the people inhabiting the area. 
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CHAPTER 2 
DATA ACQUISITION 
AND LAB TECHNIQUES 
DATA ACQUISITION AND LAB TECHNIQUES 
Since the present work comprises qualitative and quantitative assessments of physical 
and chemical parameters of the groundwater system located in the Krishni-Hindon 
interstream, various inter-disciplinary studies were carried out. The methodologies 
adopted in the present thesis are discussed under the following heads: 
2.1 DATA ACQUIRED FROM THE STUDY AREA 
The literature pertaining to study area was collected and background information was 
generated. Toposheets of the study area were used to generate base map for the field 
survey. 
Rainfall data of two raingauge stations, namely Budhana, located with in the 
study area, and Shamli which is very close to the study area, were collected and 
statistically analysed for mean, standard deviation and coefficient of variation. 
Rainfall data were also analysed for assessing the vulnerability for drought. The 
meteorological classification of drought has been used here. The basis of this 
classification is that if the actual rainfall is less than the normal (long term 
climatological mean) by 25% or more, the area is considered drought-prone. 
The topography of the area is described on the basis of Digital Elevation 
Model. A digital Elevation Model for the study area was obtained with the help 
Shuttle Radar Topography Mission (SRTM) data which is available at a number of 
USGS websites and represent elevation at a 3 arc-second resolution (around 30 m) 
(http://www.edc.usgs.gov/products/elevation/dem.htmn. The coordinates of the study 
area were projected over the SRTM data and the Digital Elevation Model was 
prepared for the boundary assigned to the software. 
Land use/ land cover maps were also prepared. For the preparation of these 
maps, Landsat Orthorectified Multispectral Imagery for two different time spans was 
used. The imagery was downloaded for two periods, i.e. 24* September 1992 and 22™* 
October 1999. The 1992 image was acquired from the Thematic Mapper (TM) 
instrument onboard the Landsat 5 satellite, while the 1999 image was acquired from 
the Enhanced Thematic Mapper (ETM+) instrument onboard the Landsat 7 satellite. 
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Supervised classification of the landsat imagery was carried out to map the 
land cover classes for the two periods. A free image processing package - 'MultiSpec' 
(http://cobweb.ecn.purdue.edU/~biehl/MultiSpec/0 was used to process the imagery. 
For the 1992 image, the band combination - Band 7 (SWIR), Band 4 (NIR), Band 3 
(Red) was used, while for the 1999 image the band combination - Band 5 (SWIR), 
Band 4 (NIR), Band 3 (Red) was used. A change detection analysis in land use/land 
cover was also attempted for these two time periods. 
2.2 METHODOLOGY OF AQUIFER CHARACTERIZATION 
A network of evenly spaced 39 monitoring wells was established for water level 
monitoring (Fig.2.1). The location of observation wells were marked with the help of 
GPS. Repeat measurements of water level were carried out during June and 
November 2006 and 2007. Water level data were collected from observation wells 
with the help of steel tape. Due care was given for accurately measuring the water 
level data. The altitudes of monitoring wells were derived from SRTM data 
(http://wvyw.2.ipl.nasa.gov/srtm). 
The lithological logs of boreholes were collected to prepare hydrogeological 
cross-sections and fence diagram. The sand percent map has been prepared on the 
basis of cumulative thickness of granular zones encountered in boreholes at average 
depth of 90 m. 
The sand samples (aquifer material) were collected from available drilling 
sites at varying depth for sieve analysis and these samples were mechanically 
analysed. The equipment required for sieve analysis includes a small hot plate for 
drying the samples, a set of standard testing sieves and accurate physical balance for 
weighing the samples. A representative sample 100 g was taken in laboratory by 
coning and quatering, oven dried and exact weight poured into the top sieve and 
covered with lid. The whole nest was shaken for about 15 minutes and material 
retained in each sieve was accurately weighed and data obtained were statistically 
analysed. The cumulative weight of the particles passing in each sieve is then plotted 
as a percent of the total sample weight against grain size diameter in mm. 
Subsequently, grading curve was plotted on semi-log scale by using Microsoft excel 
programme. The parameters like effective grain size (dio) and uniformity coefficient 
(Cu) were determined. 
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Figure- 2.1 Map of the study area, showing locations of monitoring wells, state 
boreholes, hydrograph stations, section line and rain gauge stations 
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In order to study the occurrence and movement of groundwater in various 
physiographic units of the area, depth to water table, water table fluctuation and 
water table contour maps were prepared by using Surfer- 8. 
Historical water level data of five permanent monitoring wells were used to 
prepare hydrographs. The hydrograph shows the long term water level. Significance 
of observed regression coefficients was also calculated. 
The monthly rainfall data were collected from Shamli and Budhana raingauge 
stations. The Shamli raingauge station is situated near the right bank of river Krishni. 
A graph of monthly rainfall and water level data were prepared to see the impact of 
rainfall on water table. 
The isopermeability map of the area was prepared using Logan's 
approximation method. For this purpose, specific capacity and drawdown data of 
various wells were collected and utilized for the determination of transmissivity 
and permeability by Logan's formula. The Hydraulic conductivity (k) of six aquifer 
materials (sand samples) were determined using constant head Permeameter by 
applying Darcy's law. The aquifer parameters obtained by pumping test in previous 
studies were also incorporated. 
2.3 METHODOLOGY OF GROUNDWATER BUDGET ESTIMATION 
The Groundwater Estimation Committee 1997 (GEC 97) methodology is being 
adopted to compute the groundwater resources of the country in volumetric terms. 
The same methodology with few additions is utilized in the present study. 
The GEC'97 recommendations have incorporated number of changes bringing 
out more clarity in the application and as such the groundwater resources so computed 
would be nearer to the real field situation (NBARD 2006). Salient feature of GEC'97 
methodology are listed below: 
1) It is proposed that the total geographical area of the unit for resource 
evaluation is to be divided in to sub areas, such as, canal command area and 
non-command areas, hilly regions and saline groundwater areas and resource 
assessment be made for these sub areas. Variations in geomorphoiogical and 
hydrogeological characteristics may be considered with in the unit. 
2) For alluvial areas specific yield values may be estimated from analysis of 
pumping tests. However, norms for specific yield values in different 
22 
hydrogeological regions may still be necessary for use in situation where the 
above methods are not feasible due to inadequacy of data. 
3) Norms for return flow from groundwater and surface water irrigation are 
revised taking in to account the source of water, type of crop (paddy or non-
paddy) and depth of water table. 
Command area is the area which comes under major or medium surface water 
irrigation scheme. On the other hand, non-command areas lack any major or medium 
surface water scheme. The study area falls under non-command category for the 
assessment purpose. 
The specific yield value was taken from pumping test carried out in the study 
area. Irrigation return flow was estimated based on various types of crops being 
irrigated. The season wise crop data were collected from the District Statistical Diary 
and seepage factor has been taken as per GEC 97 norm. To estimate canal seepage 
length and wetted perimeter of the canal and their average numbers of running days 
during monsoon and non-monsoon period have been considered. Numbers of running 
days was collected from the canal department. 
Horizontal inflows and recharge from stream (river aquifer interaction) are 
included in groundwater budget in order to arrive at accurate results. The horizontal 
inflow and seepage from stream was calculated with the help of grid pattern. The 
study area is divided into 21 grids such that the dimension of each grid is 5 km xl km. 
These flows are dependent on horizontal permeability, thickness of the saturated zone 
and local hydraulic gradient. Horizontal outflow was also calculated but it is 
negligible in terms of contributions. 
2.4 SAMPLE COLLECTION FOR QUANTITATIVE CHEMICAL STUDIES 
The objective of sampling is to collect a portion of material small enough in volume 
to be transported conveniently and handled in the laboratory while still accurately 
representing the material being sampled (APHA, 1992). Samples, however, have to be 
handled in such a way that no significant change in composition occurs before the 
tests are made. 
A total number of 108 groundwater samples (Fig 2.2), from shallow and deep 
aquifers, were collected from representative sampling stations established over entire 
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study area for physico-chemical analyses for two different seasons i.e. post-monsoon 
and pre-monsoon periods in November, 2005, and June, 2006, respectively, to assess 
groundwater quality and to evaluate processes responsible for the observed variations 
in hydrogeochemistry. 
Out of 108 samples, 44 samples were collected in November, 2005, and 64 in 
June, 2006, from the same sampling sites. Out of 64 samples, 25 represent deeper 
levels. Nitrate is an important chemical constituent and has its bearing on water 
quality. It was not analysed during 2005 and 2006 and, therefore, it was considered 
necessary to analyse NO3 in 64 samples. This was done in June 2007 and results are 
given in a separate table (Table 2.1c). 
The water samples were collected and stored in 1 liter capacity clean plastic 
bottles. Before collection of samples, the bottles were properly washed. Prior to 
collecting the samples, the containers were rinsed by the water to be sampled. The 
wells were duly pumped before collecting their sample so that the stagnant water, if 
any, is completely removed from storage with in the well assembly. Besides major 
ions, 18 groundwater samples were also collected for trace element analysis. The trace 
element samples were treated with 0.6N HNO3. 
In addition, 6 surface water samples were collected from Krishni and 
Hindon rivers during November 2005. Two effluent samples were also collected from 
the sugar factory in the area. One of these is the raw effluent water from the sugar 
plant and the other is a representative of partially treated effluent. 
Twelve samples were collected for the analysis of their silica content. This 
analysis was performed at the Geochemistry Laboratory, Northern Region, Geological 
Survey of India, Lucknow. 
The major ion analyses were carried out in the Geochemical Laboratory, 
Department of Geology, Aligarh Muslim University, Aligarh. Trace elements analysis 
were carried out at National Geophysical Research Institute, Hyderabad. 
2.5 ANALYTICAL STUDIES 
The water samples were analysed as per the standard methods of APHA 
(1992). Values of pH were measured by a portable digital water analyses kit with 
electrodes. The instrument was calibrated with buffer solutions having pH values of 4 
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and 9. Total dissolved solids (TDS) were calculated by summing up the 
concentrations of all the major cations and anions. The values of electrical 
conductivity (EC) were measured by portable kit with electrodes in the lab. 
The concentrations of Ca^, Mg" ,^ CI", HCO3" and total hardness were 
determined by volumetric method. Ca"*^  and Mg^ were determined by EDTA 
titration. For HCOs', HCl titration to a methyl orange point was used. Chloride was 
determined by titration with AgNOs solution. Flame emission photometry has been 
used for the determination of Na"*^  and K*. In this method water sample is atomized 
and sprayed into a burner. The intensity of the light emitted by a particular spectral 
line is measured with the help of a photoelectric cell and a galvanometer. Sulphate 
was determined by gravimetric method. 
The trace elements like Cu, Zn, Ni, Fe, Mn, Co, Cr, Se, Cd, As, B, Ag and Pb 
were analysed by Inductive Coupled Plasma-Maas Spectrophotometer (ICP-MS). The 
ICP-MS is the most simple and direct method of chemical analysis. The sample to be 
analysed is introduced into argon-based high temperature plasma by a nebulizer spray 
chamber system. The sample stream causes desolvation, vaporization, atomisation and 
ionisation of target elements. Ions thus generated are extracted from the plasma into a 
low-pressure region through a sampler and skimmer cones and are allowed to pass 
through an electrostatic lens system, which extracts positively charged ions. These 
ions are separated on the basis of their mass-to-charge ratio by quadrupole mass 
analyser. A detector counts the filtered ions and a computer processes the resulting 
information. 
The analytical data is given in Tables 2.1a and 2.1b (Dec 2005 and June 
2006). Table 2.1c gives the results of the analysis of samples collected in June, 2007, 
for nitrate. Equivalents per million (epm) values are also calculated and given in 
Tables 2.2a and 2.2b for Dec 2005 and June 2006, respectively. Charge balances have 
been calculated and on this basis two samples (sample no 13 and 39, collected in Dec 
2005) have been rejected and not included in Tables 2.1a and 2.2a. 
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Figure- 2.2 Sampling locations map of tlie study area 
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2.6 MATERIALS AND METHODS FOR SOIL ANALYSIS 
Nine soil samples were collected from agricultural fields for determining their 
physico- chemical characteristics in order to assess the impact of soil pollution, if any, 
on groundwater. Soil samples were collected at 15- 20 cm depth in the top soil and 
stored in polythene bags. Pebbles and larger fragments were hand-picked and samples 
were dried. 
For the analysis of cations and anions, a solution of 1:5 ratios was prepared, 
that is, 5 g of soil is dissolved in 25 ml of distilled water. The solution was stirred 
mechanically for about one hour at regular intervals and then filtered through 
Whatman No. 42 filter paper. Subsequently, the analysis for Ca" ,^ Mg" ,^ CI" and 
HCOs' were performed by volumetric method. Na"^  and K"*" were determined by flame 
emission photometer. Sulphate was determined by gravimetric method 
2.7 AQUIFER VULNERABILITY 
Vulnerability assessment requires a fairly good knowledge of hydrogeological 
parameters and location of potential contamination sources. The amount, quality, and 
distribution of basic data determine the quality and accuracy of vulnerability 
assessment. 
DRASTIC is a methodology proposed by Aller et al., (1987), which allows the 
pollution potential of any area to be systematically evaluated. The methodology is 
based on seven parameters, which are, 1) Depth to water 2) Net recharge 3) Aquifer 
media 4) Soil media 5) Topography 6) Impact of vadose zone and, 7) Hydraulic 
conductivity. 
This model employs a numerical ranking system that assigns relative weights 
to various parameters that help in the evaluation of relative groundwater vulnerability 
to contamination. In the present study the DRASTIC methodology is adopted with 
some modifications, which are described below. 
The landuse pattern has strong bearing on groundwater regime. With this 
view, the landuse pattern is included as a new parameter in the DRASTIC approach. It 
is understood that uniformity of a parameter would not impart any distinctness in 
vulnerability mapping. Therefore, in view of little variation in topography in the study 
area and consequential negligible contribution of this parameter to the groundwater 
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vulnerability, it has been removed from the vulnerability assessment studies. These 
factors have been arranged to form the acronym DRASIC- LU for ease of reference. 
28 
«r» 
«s 
u 
a> 
Xi 
S 
> 
o 
DC 
in 
en 
R 
in 
<3 
U 
s 
o 
(A 
(A 
ra 
O 
i£ 
n 
z 
O 
(0 
o 
to 
o 
o 
w 
(A 
a> 
c 
Tl 
re 
X 
X 
a 
E 
u 
(0 
Q 
t-
a. 
Q 
c 
o 
re 
u 
o 
-1 
o 
z 
in 
oo 
CO 
1^ 
CO 
(O 
o 
00 
o 
o 
CO 
CM 
a 
• • - • 
,_ 
CM 
o 
r~ 
o 
CM 
CM 
1^ 
CO 
o 
O 
CM 
CM 
CM 
1^ 
O 
O 
CO 
CO 
oo 
CO 
oo 
a 
a> 
n 
u. 
Q 
CM 
CO 
O) 
CM 
CO 
CM 
CM 
00 
CM 
(O 
CO 
CM 
od 
o 
o 
CM 
£5 
c 
as 
CM 
o> 
CM 
CO 
CO 
in 
CO 
CM 
•* 
CO 
o 
(O 
od 
o 
o 
CM 
CM 
o 
CO 
00 
n 
k-
(U 
"c 
re 
CD 
O 
CM 
CO 
O 
CO 
CO 
00 
CM 
O 
CM 
CO 
O 
00 
CM 
O 
O 
OO 
(O 
in 
o 
CM 
re 
CO 
CO 
^ 
CO 
m 
o 
(O 
<J) 
CM 
CM 
••it 
OO 
a> 
o 
o 
CM 
CM 
•«t 
o 
CM 
3 
re 
_ i 
^ 
o 
CO 
•»>• 
JI 
CO 
(O 
o 
CO 
CO 
CO 
-a-
(O 
00 
CM 
CM 
od 
o 
o 
•* 
en 
00 
o 
<n 
re 
-5 
m 
o 
CO 
O 
o> 
00 
00 
CM 
CO 
Oi 
CM 
od 
o 
o 
m 
CO 
00 
oo 
00 
CM 
c 
ra 
re 
re 
c 
!c 
TJ 
CO 
(O 
o 
CM 
00 
-^
<o 
<o 
T— 
o 
o 
CO 
CM 
O 
o 
o 
to 
CM 
00 
O 
O 
IT 
O 
1— 
m 
CM 
"5 
re 
in 
1^ 
m 
CO 
CO 
T— 
00 
in 
CM 
en 
CO 
CM 
in 
a> 
(O 
CM 
CM 
od 
o 
o 
in 
CO 
en 
CO 
oo 
CM 
re 
c 
o: 
•a 
3 
00 
oo 
CO 
••f 
CM 
CO 
o 
CO 
o 
CO 
in 
od 
o 
o 
CM 
1-
o 
CO 
o 
re 
c 
K 
•a 
3 
o 
oo 
CM 
OO 
m 
CO 
CO 
o> 
in 
CJ 
m 
Oi 
o 
CO 
CM 
od 
o 
o 
CO 
m 
OO 
CM 
3 
're 
SI 
m 
o 
CM 
m 
a> 
00 
1^ 
00 
o 
CM 
oo 
o 
in 
o 
(O 
CM 
CM 
od 
o 
o 
CO 
o 
oo 
CM 
c 
re 
re 
c 
2 
3 
re 
o 
-
in 
o 
CM 
00 
CM 
O 
O 
CO 
00 
CM 
cn 
o 
o 
CO 
CM 
oo 
oo 
3 
a 
n 
CO 
—^ 
CO 
(O 
m 
r^  
(O 
CM 
T-
-
CO 
(O 
m 
00 
CO 
od 
o 
o 
O) 
CO 
o 
00 
CM 
CT 
c 
'in 
're 
CC 
I— 3 
a 
T3 
re 
E 
E 
re 
sz 
o 
CM 
CM 
(O 
oo 
TT 
CO 
CO 
CO 
CJ) 
a> 
CM 
(O 
CM 
CO 
od 
o 
o 
CO 
C^J 
CO 
CM 
ra 
c 
ra 
•o 
3 
CD 
• * 
(O 
CM 
CO 
OJ 
CO 
CO 
OO 
CM 
CM 
CM 
CM 
to 
(O 
o 
CM 
cd 
o 
o 
en 
CO 
CO 
00 
CM 
ra 
E 
3 
a 
"ra 
in 
m 
CO 
CO 
in 
-
CO 
m 
1^ 
CO 
oo 
CM 
<n 
CM 
CO 
od 
o 
o 
CM 
to 
to 
ra 
E 
? 
3 
a 
'ra 
a: 
Q 
m 
to 
CM 
to 
CO 
•* 
CO 
to 
m 
CM 
en 
CM 
CO 
od 
o 
o 
CO 
00 
CM 
s 
ra 
s: 
CO 
c» 
CM 
CO 
m 
CM 
CO 
m 
in 
CM 
1" 
o 
CM 
CO 
o 
m 
CM 
CM 
od 
o 
o 
CM 
CO 
to 
CO 
c 
n 
_ i 
h-
CO 
CO 
-
oo 
CO 
CM 
•«t 
CM 
CO 
tn 
oo 
to 
CO 
CO 
CM 
CO 
od 
o 
o 
m 
TJ 
re 
<A 
'3 
oo 
o 
CM 
CO 
t^  
00 
CO 
to 
CM 
O 
OO 
to 
If 
o 
en 
CM 
od 
o 
o 
CO 
<n 
en 
CO 
oo 
re 
LI 
O 
00 
00 
o 
en 
m 
CM 
en 
•* 
o 
m 
at 
en 
CM 
od 
o 
o 
CO 
oo 
CO 
00 
00 
CM 
re 
s 
is 
en 
CO 
CM 
to 
CM 
m 
o 
CM 
en 
o 
o 
00 
o 
CO 
CM 
cd 
o 
o 
in 
CO 
CO 
CM 
k» 
3 
O 
i3 
3 
*^ 3 
o 
o 
CM 
in 
CM 
CO 
CM 
CO 
CO 
CM 
CM 
CO 
CO 
CM 
o 
00 
CM 
to 
o 
to 
•«1-
cd 
o 
o 
00 
en 
CO 
m 
re 
o 
ra 
Z 
CM 
CO 
CO 
CM 
m 
00 
<n 
en 
en 
to 
CM 
to 
m 
CO 
o 
CM 
m 
od 
o 
o 
o 
en 
o 
CM 
S 
n 
'c 
ra 
CO 
1 
CM 
CM 
O 
m 
CM 
CM 
CM 
So 
CM 
m 
in 
en 
o 
1^ 
CM 
m 
o 
to 
CM 
od 
o 
o 
CO 
in 
CM 
tn 
to 
re 
re 
Q 
CO 
CM 
a> 
en 
in 
o 
CM 
s 
o 
1^ 
o 
<n 
CO 
o 
CO 
1^ 
o 
o 
CM 
to 
to 
m 
k. 
3 Q 
C 
re 
R 
CO 
CM 
• * 
• * 
o 
o 
CO 
CO 
CM 
CO 
CM 
CM 
CM 
OO 
o 
m 
CO 
CO 
en 
o 
o 
CO 
o 
CO 
CO 
oo 
CM 
re 
re 
E 
re 
CD 
in 
CM 
O N (N 
O 
—^ 
00 
-^
CM 
O 
00 
C7> 
O 
00 
CM 
CM 
o 
o 
oo 
ID 
o 
<D 
m 
c 
"(3 
Qi 
CM 
00 
• * 
•^  
t^ 
o 
CO 
in 
1^ 
CO 
IT) 
oo 
o 
CO 
in 
1^ 
o 
o 
oo 
CM 
OO 
O 
CO 
m 
c 
"S 
n 
Q 
(O 
CM 
CM 
CO 
in 
o 
CM 
OO 
in 
00 
o 
CM 
CM 
OO 
O 
O 
in 
m 
CO 
CM 
(0 
U) 
3 
x: 
CL 
CM 
CO 
1^ 
(O 
m 
fO 
CO 
CO 
m 
CM 
CM 
O 
CO 
O 
O 
cn 
CM 
oo 
o 
CO 
n 
c (0 
3 
a. 
CO 
(M 
CD 
CM 
o 
•— 
o 
CM 
r--
CM 
m 
oo 
m 
CO 
o 
CM 
CO 
CO 
o 
o 
CO 
CO 
CO 
o 
CO 
SS 
3 
—> 
CJ> 
CM 
O 
CO 
CO 
CO 
CO 
CO 
in 
CO 
o 
CM 
O 
CO 
O 
O 
CM 
oo 
o 
CO 
15 
CQ 
O 
CO 
f^ 
T-
co 
m 
o 
m 
CM 
CM 
o 
CM 
CO 
CM 
CO 
5 
o 
CM 
o 
o 
CM 
m 
CO 
o 
m 
00 
m 
CO 
m 
T-
m 
(^  
CO 
CO 
c:> 
•>»• 
CM 
cn 
CM 
o 
o 
CO 
CO 
oo 
CM 
O 
CO 
CM 
CM 
T-
co 
CM 
CM 
05 
CO 
in 
1^ 
CM 
CM 
00 
o 
o 
CM 
CO 
CM 
O 
m 
o 
o 
CM 
CO 
in 
CO 
o> 
o 
m 
CM 
CO 
CD 
1^ 
m 
•t 
m 
CO 
CO 
CM 
CO 
o 
o 
en 
cn 
CO 
CM 
"o 
c 
cn 
c 
ra 
CD 
CO 
CO 
• * 
^ 
CO 
cn 
CM 
•«»• 
00 
CO 
cn 
CO 
CO 
CO 
CO 
CO 
od 
o 
o 
m 
CO 
CO 
00 
CM 
To 
c 
(D 
C 
T3 
CO 
JQ 
CS 
N 
'N 
o 
5 
CO 
CO 
m 
cn 
CM 
CM 
(O 
1^ 
o 
o 
o 
o 
oo 
oo 
CO 
00 
o 
o 
CO 
o 
CO 
o 
CO 
i -
(0 
\— 
3 
(0 
c 
Q 
m 
CO 
in 
CO 
CM 
in 
CO 
cn 
CO 
CM 
o 
CO 
CO 
o 
o 
m 
oo 
CM 
OO 
O 
O 
m 
m 
o 
CM 
CO 
2 
3 
e 
z 
CO 
CO 
(O 
CM 
00 
cn 
CM 
CM 
CO 
m 
c» 
00 
CO 
CM 
00 
O 
O 
m 
CM 
CO 
CM 
CO 
<o 
to 
T3 
3 
ra 
k_ 
a> 
CQ 
CO 
CM 
in 
o 
CM 
CM 
m 
m 
CO 
T— 
CO 
cn 
CO 
CO 
CM 
CO 
o 
o 
CO 
m 
m 
CO 
in 
CM 
•c 
"(3 
cn 
CO 
CO 
o 
U 
> u 
u o. u u 
T3 
O 
"E. 
S 
I 
Q 
o 
o 
e 
3 
% 
B 
JB 
(A 
" a 
S 
!» 
w 
V 
Vi 
e 
c« 
la 
u 
S 
o 
S 
ra 
O 
^ 
z 
O 
O 
O 
o 
X 
(A 
(0 
c 
T3 
k. 
n 
X 
(0 
o 
1 -
E 
u 
uj 3 
X 
a 
f 
O. 
a 
c 
_o 
(Q 
U 
o 
- I 
o 
z 
o 
C»5 
i n 
o 
o 
i n 
i n 
CO 
o 
CM 
CO 
CM 
( O 
CM 
CO 
0 0 
O 
O 
m 
en 
oo 
C M 
3 
a 
«) 
"S 
u. 
^ 
CM 
C O 
• * 
i n 
oo 
i n 
CM 
m 
-
o 
CM 
C O 
oo 
to 
CO 
CJ> 
o 
o 
CO 
CO 
CO 
0 0 
3 
Q 
0) 
n 
u . 
D 
CO 
(D 
0 0 
0 0 
CM 
CM 
1 ^ 
CO 
oo 
CN 
0 0 
o 
CO 
i n 
CO 
0 0 
o 
o 
o 
CM 
0 0 
CO 
CM 
0) 
m 
CM 
CO 
CO 
m 
a 
o 
CM 
i n 
0 0 
O ) 
CO 
0 0 
CO 
oo 
o 
o 
0 0 
o 
C M 
£1 
m 
CO 
m 
C O 
o 
CM 
oo 
CM 
CM 
0 0 
m 
CO 
oo 
CO 
at 
m 
o 
o 
CO 
CM 
CO 
CO 
oo 
J Q 
01 
m 
Q 
CO 
M-
0 0 
CM 
-* 
m 
CO 
0 0 
CO 
0 0 
m 
m 
CM 
0 0 
CO 
0 0 
m 
oo 
o 
o 
CO 
O 
( M 
' C 
0) 
£Z 
—1 
• * 
CM 
C O 
CO 
OO 
0 0 
CO 
CM 
en 
CM 
to 
o 
1 ^ 
CM 
T -
o 
o 
m 
0 0 
0 0 
o 
Vt 
m 
CM 
OO 
^ 
0 0 
lO 
to 
-* 
C3J 
en 
CM 
CM 
C O 
C O 
C M 
m 
o 
o 
CO 
m 
at 
o 
in 
(0 
Q 
i n 
CN 
CO 
o 
CO 
•^  
CO 
m 
o 
o 
1 ^ 
C3) 
cn 
CM 
C O 
o 
o> 
0 0 
CO 
o 
o 
m 
c» 
i n 
CM 
c 
(13 
m 
n 
c 
IE 
T 3 
3 
CO 
CO 
CO 
OO 
at 
o 
CO 
CO 
o 
o 
OO 
CM 
CO 
C3> 
o 
o 
•xf 
o6 
h -
c 
CO 
(0 
c 
!c 
T3 
3 
OQ 
Q 
CO 
CO 
CO 
O 
0 0 
CM 
CM 
O 
CO 
CM 
^^  
o 
oo 
o 
00 
CJ> 
en 
o 
o 
o 
CM 
CO 
i n 
CM 
• 3 
55 
h -
m 
CO 
CM 
0 0 
0 0 
0 
CM 
en 
0 
C O 
0 
C M 
0 
C O 
• * 
i n 
CM 
CM 
0 
0 
0 
i n 
0 0 
0 
"5 
(0 
V, 
Q 
0 
CO 
CO 
0 0 
CO 
m 
CO 
( O 
CM 
0 0 
i n 
CD 
1 ^ 
en 
CO 
0 
0 
m 
CM 
CO 
0 0 
CM 
m 
c 
T3 
3 
0 0 
0 > 
•«1-
CO 
0 0 
CO 
CM 
m 
CO 
CM 
CO 
CO 
CO 
0 
0 
CO 
0C> 
en 
CO 
(0 
c 
T3 
3 
Q 
0 0 
(D 
0 0 
• f 
0 0 
1 ^ 
CO 
CM 
t ^ 
0 
m 
CO 
0 
0 
0 
0 
CM 
CO 
0 0 
CN 
3 
SZ 
ca 
en 
m 
CM 
CO 
CO 
0 0 
CO 
CM 
CN 
h -
m 
CM 
CO 
•^ 
•^  
0 
CO 
1 ^ 
0 
0 
0 0 
CO 
0 0 
. 3 
'5 
m 
Q 
en 
CO 
CO 
CM 
• ^ 
CO 
CO 
0 
CM 
CO 
CM 
CO 
CM 
0 
0 
CO 
CO 
0 
0 
CO 
CM 
06 
0 0 
CM 
c 
re 
re 
ra 
3 
C 
cc 
m 
0 
r^  
CO 
CO 
00 
en 
m 
m 
CO 
CM 
CM 
0 
0 
en 
m 
m 
0 
0 
CO 
0 0 
0 0 
3 
a 
re 
's: 
CO 
-
CM 
CO 
CM 
0 0 
1 ^ 
CO 
CM 
CO 
0 
CO 
0 
0 
CO 
CO 
N 1 
CO 
CO 
k.. 
3 
e 
re 
CO 
Q 
CO 
CO 
0 
CM 
^ 
m 
CM 
CO 
CM 
T — 
0 
CO 
CO 
CO 
en 
i n 
0 0 
0 
0 
CO 
06 
0 0 
CM 
c 
'o> 
3 
a. 
• 0 
E 
e 
ra 
0 
2 
CM 
CO 
CO 
T f 
0 0 
CO 
0 0 
0 
CM 
0 0 
1 0 
0 0 
CN 
CO 
m 
CO 
0 
0 
CO 
CM 
06 
m 
CM 
c 
1 
ffl 
CO 
CN 
-
•^  
0 0 
CO 
0 0 
0 
CM 
m 
C O 
CO 
C O 
in 
0 
0 
CO 
CM 
06 
0 
i n 
ra 
c 
ra 
% 
00 
0 
CO 
CM 
CO 
CO 
m 
0 0 
m 
CO 
•<i-
r^ 
0 
CM 
CO 
0 0 
1 ^ 
i n 
CO 
0 
0 
i n 
en 
CO 
CM 
(0 
c 
re 
x : 
• 0 
3 
m 
f 
CO 
0 0 
r^ 
0 0 
0 0 
CO 
CM 
CO 
en 
0 
CO 
CO 
CO 
0 0 
0 
0 
(0 
c 
nj 
• 0 
3 
CO 
0 
• * 
CN 
CM 
CM 
CM 
CO 
0 0 
0 
en 
^ 
CO 
0 0 
CM 
0 0 
CO 
i n 
0 
0 
CO 
06 
0 0 
CM 
CQ 
E 
3 
0 
're 
a: 
m 
CO 
CO 
CM 
CO 
0 0 
CO 
CM 
m 
CO 
en 
en 
C M 
0 
0 
CM 
0 0 
0 
0 
CO 
06 
en 
t>-. 
CQ 
E 
4-» 
(Q 
k . 
3 
C 
'ro 
Q 
1 0 
CO 
co 
0 0 
CO 
CO 
i n 
CO 
CO 
CO 
CM 
i n 
0 
0 0 
0 
0 
i n 
06 
0 0 
CN 
k_ 
re 
x : 
CO 
CO 
0 0 
CO 
0 0 
CM 
CO 
CM 
en 
en 
C O 
C O 
en 
5 
1 ^ 
0 
0 
CO 
CO 
CO 
0 0 
2 
CO 
Q 
CO 
0 
CN 
CO 
CM 
m 
1 0 
CO 
CM 
0 
0 0 
CO 
CO 
CM 
CO 
CO 
0 
0 
CO 
oci 
0 
CO 
c 
re 
_ J 
t ^ 
0 
CN 
CO 
,_ 
0 0 
CO 
1 0 
0 0 
" T " 
i n 
0 5 
CM 
CO 
CO 
m 
0 
0 
CO 
CM 
06 
CO 
0 0 
c 
(Q 
— I 
a 
1—( 
ID 
H 
CM 
n 
o 
oo 
CO 
CN 
oo 
•* 
o 
00 
o 
00 
o 
O) 
o 
o 
ro 
od 
1-
n 
00 
OO 
<o 
oo 
{M 
It) 
•v 
CO 
oo 
o 
o 
CO 
CM 
od 
CO 
00 
(0 
O 
oo 
CO 
CO 
• ^ 
o 
CO 
oo 
CO 
m 
00 
CM 
CO 
00 
CJ> 
o 
o 
CO 
od 
oo 
CM 
n 
-a 
ffi 
O) 
CM 
OO 
CM 
O 
CM 
CO 
(O 
CO 
to 
If) 
(O 
o 
o 
lO 
en 
CM 
3 
a. 
3 
3 
o 
o 
CM 
CM 
CO 
in 
o 
CO 
CM 
CO 
o 
CM 
en 
(O 
CM 
o 
o 
00 
1^ 
in 
n 
S 
CT 
(0 
Z 
CM 
in 
CM 
en 
CO 
CO 
en 
O) 
CM 
o 
CM 
to 
<n 
CO 
CM 
CM 
en 
o 
o 
od 
o 
CM 
(0 
n 
'c 
ns 
CD 
CM 
CM 
CO 
00 
(O 
00 
CM 
C» 
CM 
s 
en 
CM 
00 
in 
en 
o 
o 
00 
CO 
in 
(0 
£ 
n 
O 
O 
CM 
CM 
CO 
CO 
-
• * 
00 
CD 
in 
o 
o 
m 
CO 
CO 
CM 
CO 
in 
1^ 
o 
o 
in 
od 
en 
CD 
(0 
O 
CO 
CM 
CO 
CO 
CO 
00 
in 
CM 
CO 
o 
o 
CO 
o 
CO 
CM 
in 
OO 
oo 
00 
o 
o 
<n 
o 
in 
ni 
£ 
(0 
Q 
O 
CO 
CM 
n 
in 
00 
oo 
00 
CM 
o 
00 
CM 
CO 
CO 
oo 
CO 
o 
o 
in 
00 
CO 
in 
1. 
3 
a 
c: 
ra 
(0 
CM 
OO 
O 
•>» 
lO 
en 
o 
CM 
in 
CO 
CO 
o 
o 
CO 
00 
CO 
o 
o 
CO 
CM 
od 
oo 
CM 
(0 
ra 
c 
CQ 
CD 
in 
CM 
N-
CO 
CO 
o 
oo 
in 
1^ 
CO 
CM 
o 
CM 
CO 
^ 
•^  
CO 
IB 
o 
o 
CO 
in 
o 
in 
(T) 
TO 
C 
n 
m 
a 
m 
CM 
oo 
m 
00 
t^ 
00 
CM 
CO 
oo 
CM 
CO 
oo 
CM 
in 
CM 
o 
CO 
o 
o 
CM 
lo 
ra 
c 
£ 
ra 
CO 
CM 
CO 
CM 
CO 
1^ 
o 
en 
in 
co 
CM 
CM 
CM 
CO 
o 
o 
in 
en 
ra 
c 
*-• 
ra 
ro 
a: 
Q 
CO 
CM 
in 
CO 
• * 
oo 
oo 
m 
en 
00 
o 
CO 
CM 
CO 
en 
o 
o 
in 
CM 
od 
CM 
ra 
(A 
3 
Q. 
CM 
J^ 
-
OO 
CO 
m 
CM 
O 
00 
CM 
o 
en 
CO 
o 
CM 
in 
o 
o 
m 
o 
in 
ro 
c 
ra 
3 
Q. 
oo 
CM 
00 
00 
en 
00 
CO 
5 
o 
CM 
lO 
CO 
CM 
CM 
en 
o 
o 
N." 
CO 
00 
ra 
c 
o 
3 
x : 
CI. 
o 
oo 
CM 
CM 
CO 
00 
CO 
00 
(O 
CM 
00 
CM 
OO 
o 
CM 
en 
CO 
o 
o 
o 
CO 
oo 
o 
CO 
ra 
3 
ro 
-> 
en 
CM 
P> 
00 
•t 
00 
CO 
•* 
CO 
oo 
CM 
CO 
o 
o 
CO 
oo 
CO 
1^ 
ra 
3 
ro 
Q 
en 
CM 
CO 
CM 
o 
in 
oo 
CO 
en 
o 
m 
00 
en 
CO 
in 
CO 
o 
CO 
CM 
o 
o 
in 
CO 
od 
o 
CO 
2 
m 
o 
CO 
en 
CM 
CO 
oo 
00 
00 
CO 
CO 
o 
CO 
CM 
CO 
oo 
o 
o 
m 
O 
m 
CD 
O 
o 
CO 
CM 
•"U-
oo 
o 
oo 
in 
CO 
in 
CM 
CM 
CO 
CO 
CM 
CO 
00 
o 
o 
CO 
00 
o 
CO 
•c 
CO 
o 
CO 
m 
CO 
in 
m 
CM 
CM 
1^ 
o 
in 
CO 
CO 
CO 
co 
o 
o 
o 
CO 
oo 
o 
in 
ra 
O 
D 
CM 
CO 
in 
CM 
-
•* 
in 
oo 
CM 
O 
en 
CO 
CM 
CO 
m 
CO 
o 
o 
Ti-
en 
r«-' 
o 
CO 
"5 
c 
CJ 
c 
ra 
C3 
CO 
CO 
CM 
en 
CO 
00 
CM 
CM 
CM 
CM 
00 
CM 
en 
CM 
CO 
en 
en 
en 
o 
o 
m 
CO 
c 
a 
c 
ro 
O 
Q 
CO 
CO 
in 
en 
in 
CO 
CO 
oo 
CO 
<n 
CM 
en 
CO 
CO 
00 
o 
in 
o 
CM 
o 
o 
(O 
CO 
od 
o 
CO 
15 
a 
c 
ro 
c 
T3 
ro 
ra 
N 
N 
O 
CO 
5 
o 
o 
oo 
CO 
CO 
CO 
en 
in 
CO 
CM 
co 
CM 
CO 
CM 
00 
o 
o 
in 
CO 
od 
o 
CO 
•c 
J^ 
2 
3 
C 
n 
j= 
Q 
in 
CO 
• * 
•* 
oo 
• * 
00 
en 
in 
00 
o 
o 
CM 
O 
CM 
00 
O 
O 
CO 
2 
3 
C 
ra 
Q 
Q 
m 
CO 
1^ 
CO 
00 
5 
CM 
in 
CM 
CO 
oo 
CM 
00 
CM 
CO 
CM 
a> 
o 
o 
in 
CM 
od 
o 
CO 
2 
3 
a 
\— 
Z 
CO 
CO 
s 
h-
00 
00 
CM 
cn 
in 
CM 
CO 
00 
CO 
CM 
o 
o 
o 
in 
O) 
en 
1^ 
2 
3 
e 
z 
Q 
CO 
CO 
CM 
CO 
(O 
CO 
in 
CM 
CO 
CM 
to 
s 
en 
o 
o 
m 
CM 
od 
CO 
CO 
ra 
3 
ro 
ro 
CO 
CO 
o 
CO 
t«~ 
00 
CO 
CM 
en 
CM 
00 
1^ 
oo 
CO 
TT 
m 
<n 
en 
o 
o 
in 
CM 
od 
CO 
CM 
ro 
CO 
00 
CO 
o 
CO 
CO 
00 
CM 
CM 
oo 
CM 
CO 
CM 
CO 
CO 
in 
o 
oo 
1^ 
eo 
en 
o 
o 
en 
N.' 
en 
'C 
0) 
£ 
ro 
CO 
Q 
00 
CO 
CM 
CO 
CM 
CO 
o 
CO 
o 
en 
oo 
CO 
CO 
CO 
CO 
(O 
o 
o 
in 
od 
CO 
CM 
3 
a 
'ro 
O 
en 
CO 
CM 
Table 2.1c: Results of Nitrate analysis of water samples in mg/1 (June 2007) 
S. No 
1 
1D 
2 
3 
3D 
4 
5 
5D 
6 
6D 
7 
7D 
8 
8D 
9 
9D 
10 
11 
11D 
12 
13 
13D 
14 
14D 
15 
15D 
16 
16D 
17 
17D 
18 
18D 
19 
20 
21 
22 
22D 
23 
23D 
24 
25 
25D 
26 
26D 
27 
28 
Location 
Fatehpur 
Fatepur 
Bantikhera 
Babri 
Babri 
Lalukheri 
Jasoj 
Jasoi 
Budhina kaian 
Budhina kalan 
Sisauli 
Sisauli 
Kudana 
Kudana 
Bhaju 
Bhaju 
Bhanura kalan 
Shikarpur 
Shikarpur 
Mohammadpurraising 
Bawana 
Bawana 
Budhana 
Budhana 
Raipur aterna 
Raipur aterna 
Kharar 
Kharar 
Lank 
Lank 
Lisadh 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhibanjara 
Garhibanjara 
Daha 
Daha 
Shajanpur 
Barnawa 
Barnawa 
Rahatna 
Rahatna 
Phusar 
Phugana 
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CHAPTER 3 
THE STUDY AREA 
THE STUDY AREA 
3.1 LOCATION AND ACCESSIBILITY 
The area of study lies to the west of Muzaffarnagar town between two rivers, 
namely, Krishni and Hindon, which are southward flowing tributaries of river 
Yamuna. The two rivers join in the southern extreme of the area of study. 
Muzaffarnagar is an important district in western Uttar Pradesh and the town of 
Muzffamagar is the district Headquarter. It is approachable by rail and road from 
surrounding towns, such as, Saharanpur, Meerut and Baghpat. 
The district of Muzaffarnagar is relatively prosperous and is known for 
its sugar factories which have come up to make use of extensive sugarcane 
cultivation in the area. Almost all the villages of the district are approachable by 
pucca and motorable roads. 
3.2 CLIMATE 
The climate of the area is characterized by general dryness except during the brief 
span of monsoon season. It has a hot summer and a cold winter. The year is 
divided into the four seasons. The period from the middle of November to about 
the end of February is the cold season. The hot season which follows, continues up 
to the end of June. The rainy season spans over the period of mid June to 
September. This is followed by the post-monsoon or the pre-winter extending from 
mid September to Mid November. The highest temperature, reaching up to 45°C, 
is recorded during the month of June, whereas the lowest temperature of 4°C is 
recorded during the month of January. The average mean daily temperature of the 
area ranges from 20 to 32°C. 
Winds are generally light and only a little stronger in the summer and 
monsoon seasons. During October and April, they are mostly westerly or 
northwesterly. From May, they become easterly and during the southwest 
monsoon season, they are predominantly easterly or southeasterly. 
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3.3 RAINFALL 
The monsoon season starts in the second week of June. Heavy precipitation, however, 
takes place in the months of July and August and monsoon finally retreats by the end 
of September every year. The area on an average receives 588 mm and 697 mm of 
annual rainfall at Budhana and Shamli raingauge stations, respectively. The rainfall 
data and their statistical treatment have been given in Appendix I (A) and I (B), 
respectively. 
3.3.1 Aerial Distribution: An isohyetal map using an average rainfall of 11 years 
period (1997-2007) for 5 raingauge station was prepared for district 
Muzaffamagar. A perusal of isohyetal map (Figure 3.1) shows that intensity of 
rainfall decreases from east to west. A minimum of <500 mm of rainfall is 
received in the south-western part, which gradually increases to more than 
1200 mm towards east, proximal to river Ganga. 
3.3.2 Variability of Rainfall: The available annual rainfall data of Budhana and 
Shamli for the period of 1968-2007 and 1990-2007 have been statistically 
analysed and results are tabulated in Table 3.1a & 3.1b, respectively. It is seen 
that the highest rainfall at Budhana rain gauge station is 2044 mm in the year 
1994 whereas the lowest is recorded atl40 mm in 1987, depicting a very wide 
range of variations. The mean annual rainfall is 588 mm. While the highest 
rainfall at Shamli rain gauge is 1099 mm in the year 1995, the lowest is 206 
mm in the year 1993, again showing a wide range of variation. The mean 
annual rainfall is 697 mm. The yearly rainfall distribution is shown in 
Figures 3.2a and 3.2b. 
Table 3.1a: Results of statistical analysis of annual rainfall at Budhana station 
Highest Rainfall (1994) 
Lowest Rainfall (1987) 
Mean 
Std. Deviation 
Coefficient of variation 
2044 mm 
140 mm 
588 mm 
316 
54 % 
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Table 3.1b: Results of statistical analysis of annual rainfall at Shamli station 
Highest Rainfall (1995) 
Lowest Rainfall (1993) 
Mean 
Std. Deviation 
Coefficient of variation 
1099 mm 
206 mm 
697 mm 
303 
44% 
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Fig.3.2a Yearly rainfall at Budhana raingauge station (1968-2007) 
2000 
o 
o 
o CM 
T -
o 
o CM 
CN 
O 
O 
CM 
CO 
o 
o CM 
• * 
o 
o CN 
tr) 
o 
o CM 
<o 
o 
o 
<N 
Years 
Fig.3.2b Yearly rainfall at Shamli raingauge station (1990-2007) 
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3.3.3 Drought analysis Departure of annual rainfall from mean annual rainfall 
(Figures 3.2a and 3.2b) has been calculated for the Budhana and Shamli Raingauge 
Stations. The calculated values of departures have been used in drought analysis 
(Tables 3.2a and 3.2b). 
The frequency of occurrence of mild, normal, severe and very severe 
droughts are 70%, 22.5%, 5% , 2.5% and 66.6%, 27.7%, 5.5%, 0 at Budhana and 
Shamli raingauge stations, respectively. 
Table 3.2a: Results of drought analysis at Budhana raingauge station 
Type of Drought 
Mild drought 
(0.0 to 25%) 
Normal drought 
(25.1 to 50%) 
Severe drought 
(50.1 to 75%) 
Very severe 
drought 
(75.1 to 100%) 
Years 
1968, 1969, 1970, 1971,1972, 1973, 1975, 
1976, 1977, 1978, 1983, 1985, 1986, 1990, 
1991, 1993, 1994, 1995, 1997, 1999, 2000, 
2001, 2002, 2003, 2004, 2005, 2006, 2007. 
1974, 1979, 1980, 1981, 1982, 1989, 1992, 
1996, 1998 
1984, 1988 
1987 
Frequency of 
occurrence 
70% 
22.5% 
5.0% 
2.5% 
Table 3.2b: Results of drought analysis at Shamli raingauge station 
Type of Drought 
Mild drought 
(0.0 to 25%) 
Normal drought 
(25.1 to 50%) 
Severe drought 
(50.1 to 75%) 
Very severe 
drought 
(75.1 to 100%) 
Years 
1990, 1992, 1994, 1995, 1996, 1997, 1998, 
2001,2002,2003,2004,2005 
1991, 1999,2000,2006,2007 
1993 
Nil 
Frequency of 
occurrence 
66.6% 
27.7% 
5.5% 
0 
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3.4 PHYSIOGRAPHY 
District Muzaffamagar is rectangular in shape and lies between latitude 29° 11' N 
and 29''43' N and longitude 77° 04' E and 78°07' E. It is situated between the 
district of Saharanpur on the north and Meerut and Baghpat on the south and is 
bounded by the Ganga on the east and the Yamuna on the west. The chief rivers, 
the Ganga, the Kali, the Hindon and the Yamuna have played an important role in 
carving the topography of the district and divide it into five fairly distinct tracts 
(Nevill, 1903, Varun, 1980) i.e. the (i) Ganga Khadir, (ii) upland upto Kali river, 
and (iii) the Kali-Hindon interstream, (iv) Krishni-Hindon interstream, and (v) 
Hindon-Yamuna doab. The study area is a part of Krishni-Hindon interstream. 
The area exhibits a gentle southward slope. The elevation ranges between 
256 m amsl near Babri in north to 224 m amsl in the south west near Rahatna, 
where the Krishni joins the Hindon and forms the southern boundary of the area. 
3.4.1 Krishni-Hindon inter-stream region The land between the Hindon and 
Krishni rivers consists of some what elevated plateau and is generally of a uniform 
character owing to the absence of sand (Nevill 1903). This tract known as the central 
tract is high throughout and is very fertile but is characterized by relatively deep 
groundwater level. 
Hindon rises in the Siwalik Hills to the north. It flows in the southward 
direction, which is roughly parallel to that of Krishni. It traverses through villages 
of Charthawal (where it enters Muzaffamagar district), Baghra, Shikarpur and 
Budhana. It enters the Baghpat district at the extreme south. The river is generally 
with feeble discharge except except during the rainy season, and it is neither used 
for irrigation nor navigation (Varun 1980). The banks of Hindon are high and steep in 
the north, but towards the south they are sloping and the lowlands are broader. At the 
point where Hindon reaches the southern boundary of the district, it is joined by Kali 
river. To the west of Hindon, the newer alluvium Khadar is small and inferior, fringed 
by a strip of broken land, while on the east it is much more extensive. 
River Krishni enters from Saharanpur district near the village of Chandaina 
and runs southward through Jalalabad towards Shamli. Here the river swerves to the 
south-west, but turns south again at Banat. It then continues the southerly course past 
the villages of Kudana and Lisadh and enters district Baghpat at village Bharal. The 
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river generally flows below high banks of broken and uneven ravines and has 
practically no Khadar (lowland). 
3.4.2 Drainage The drainage of the study area is mainly controlled by the two rivers 
i.e. Krishni and Hindon, flowing from north to south. The Krishni and Hindon rivers 
are the tributaries of Yamuna and both these rivers of the Yamuna sub-basin are 
perennial in nature. In general, both the rivers are mature, meandering rivers. The 
channel of Hindon is fairly deep and well defined. 
3.5 DIGITAL ELEVATION MODEL (DEM) 
Digital Elevation Model (DEM) is a digital representation of terrain. Digital elevation 
model is a general term encompassing the elevation of the terrain as well as the 
objects on the terrain. Digital Terrain Model (DTM) is a more accurate representation 
of topography and represents the same excluding the objects (natural and man made) 
over the surface. The most common representations of DEM are the gridded DEMs 
and the Triangular Irregular Network (TIN). Grid DEMs represent the elevation 
values in the form of a matrix. A TIN, on the other hand, consists of irregularly 
spaced elevation points. Points are connected together to form triangular facets. Grid 
DEMs suffer from over sampling in flat terrain and under sampling in hilly terrain, 
whereas TINs can be optimised to represent the terrain details in minimum number of 
points. However, Grid DEMs are more popular because of ease of computer 
processing. DEMs can be generated from a variety of methods e.g. interpolation from 
contour lines, interpolation from elevation points derived from a DGPS survey or 
derived from a LIDAR survey, photogrammetric methods involving the use of stereo 
pairs of optical images, and finally from Interferometric Synthetic Aperture Radar 
(IFSAR) data. 
For the present study, the SRTM DEM was used. SRTM (Shuttle Radar 
Topography Mission) was an 11 day mission of the space shuttle 'Endeavour' of 
NASA during Feb 2000 to map the topography of the planet from 60*N and 56°S 
latitude. The IFSAR data obtained from Shuttle was processed to produce 30 meters 
resolution DEM for most of the planet. However, except for the USA, the data was 
downgraded to 90 meters, and was made freely available to public. The absolute 
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and relative accuracy of the DEM surpasses that of all other topographic products, for 
most of the terrain. The data is horizontally referenced to WGS84 datum and 
vertically referenced to WGS84 EGM 96 Geoid (http://wvyw.earth-
info.nga.mil/GandG/wgs84/gravitvmod/index.htm'). The vertical accuracy is at best 5 
m (Rodriguez et al., 2005; Slater et al., 2006 and Brunner et al., 2007). The DEM was 
downloaded from the CGIAR CGNET server in California 
(http://srtm.csi.cgiar.org/SRTZIP/SRTM Data GeoTiff) via the Google Earth KML 
interface. 
The topography of the area is described on the basis of Digital Elevation 
Model (Figure 3.3). The elevation values in the study area range from 256 to 224 m 
amsl. In general, higher elevations are towards the north, while lower elevations are 
encountered in the southern parts of the study area and along the Krishni and Hindon 
rivers, which form the boundaries. The DEM was used to derive the elevation of the 
borewells in the study area. A point shape-file of the borewell locations within the 
study area was generated using the borewell coordinates obtained from a handheld 
Garmin GPS during field campaigns. This point shape-file was used to extract 
elevation values from the SRTM DEM using an open source GIS package - SAGA 
(System for Automated Geoscientific Analysis) developed by O. Conrad and team 
and available free to the public under the GNU General Public License (GPL). The 
software can be downloaded from the official SAGA website http://www.saga-
gis.org. The SRTM elevation of wells was used to derive the elevation of the water 
table at the borewell locations by subtracting the depths to water table from the 
elevations values obtained from the SRTM DEM. The SRTM elevation model was 
also used for the derivation of slope values in the study area. The slope in the study 
area is generally very low except at the edges of the floodplains where little relief is 
present. In general, the area slopes from north to south along the direction of the flow 
of rivers. 
3.6 LAND USE /LAND COVER 
Maps of land use and land cover are fundamental tools for natural resource 
management and planning. The study of the land use and land cover is one of the 
most important factors for planning and managing activities concerning the use of 
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land surface on this earth. Although land use and land cover are quite different, they 
are frequently lumped together on a single map. Land use and land cover, however, 
are very different ways of looking at the land. Land Cover is the vegetative, barren, or 
artificial (human-made) material covering the land and it can be interpreted from 
aerial photographs or satellite imagery with varying degrees of accuracy. Land Use is 
the actual use of the land by its human inhabitants and may at times be based on 
property boundaries (as in a municipal park), but the actual use of the land will not 
necessarily correspond to land ownership. Land use/Land cover maps serve to: 
• assess the area and distribution of individual land use/land cover categories 
• show the diversity of the landscape 
• contrast the land diversity of different regions 
• monitor changes in land use /land cover over time 
For the present study. Land Cover mapping was carried out for two different periods 
to assess the changes in the Land Cover patterns (Figures 3.4a and 3.4b). The land 
cover changes have an important bearing on the water quality of the surface as well as 
groundwater and water resource. For the preparation of Land Cover maps, Landsat 
Orthorectified Multispectral Imagery for two different dates was used. The imagery is 
available free of cost from the website www.landsat.org. The imagery was 
downloaded for two periods, i.e. 24* September 1992 and 22"'' October 1999. The 
1992 image was acquired from the Thematic Mapper (TM) instrument onboard the 
Landsat 5 satellite, while the 1999 image was acquired from the Enhanced Thematic 
Mapper (ETM+) instrument onboard the Landsat 7 satellite. 
The imagery is projected to UTM (zone 43) projection and referenced to the 
WGS 84 ellipsoid and datum. The pixel size for all bands except the panchromatic 
and thermal is 28.5 m for both the imagery. For panchromatic the size is 15 m, while 
for thermal it is 57 m. The absolute positional accuracy is 50 m RMS. 
Supervised classification of the landsat imagery was carried out to map the 
land cover classes for the two periods. A free image processing package - 'MultiSpec' 
(http://cobweb.ecn.purdue.edu/~biehl/MultiSpec/) was used to process the imagery. 
The maximum likelihood algorithm was used for the classification of image. For the 
1992 image, the band combination - Band 7 (SWIR), Band 4 (NIR), Band 3 (Red) 
was used, while for the 1999 image the band combination - Band 5 (SWIR), Band 4 
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(NIR), Band 3 (Red) was used. The area for individual Land Cover classes was 
calculated for the two periods from the Land Cover map (Figures 3.4a and 3.4b). The 
statistics given in Table 3.3 indicates the trend and magnitude of the changes in land 
cover in the study region during the 7 years period. 
Table 3.3: Landuse / Landcover classification of Krishni- Hindon interstream region 
s. 
No. 
1 
2 
3 
4 
5 
Land 
use/land 
cover 
categories 
Water body 
Settlement 
Wasteland 
Forest land 
Agricultural 
land 
Total 
Landuse/land 
cover 1992 
Area 
(Km') 
5.95 
42.72 
37.08 
18.28 
543.09 
647.12 
Coverage 
(%) 
0.92 
6.60 
5.73 
2.82 
83.92 
100 
Landuse / land 
cover 1999 
Area 
(Km') 
3.98 
66.04 
28.26 
16.39 
532.45 
647.12 
Coverage 
(%) 
0.62 
10.21 
4.37 
2.53 
82.28 
100 
Difference 
Area 
(Km') 
-1.97 
23.32 
-8.82 
1.89 
-10.64 
Coverage 
(%) 
-.03 
3.61 
-1.36 
-0.29 
-1.64 
As seen in the table, the area has been categorized into five landuse classes, which 
are, water body, settlement, waste land, forest land and agricultural land. 
The basic assumption of the change detection through remote sensing is 
spectral signatures commensurate with the change in the land cover (Roy et al., 1996). 
Change detection is the process to identifying differences in an object or phenomenon 
by observing it at different times and is an important process in monitoring and 
managing of natural resources (Singh, 1989). The process of change detection is 
premised on the ability to measure temporal impacts (Sabins, 1987). Detection of 
changes in the land use/ land cover involves use of at least two period data sets which 
are superimposed (Jensen, 1986). The changes in land use/land cover due to natural 
and human activities can be observed using current and archived remotely sensed data 
(Luong, 1993). Availability of multi-sensor satellite data at very high spatial, spectral 
and temporal resolutions, allows preparing up-to-date and accurate land use/land 
cover map in less time, at a lower cost with better accuracy. 
The data reveals that the agricultural land is the dominant land use category in 
both 1992 and 1999, which is followed by settlement. The agricultural land was 
543.09 km^ (83.92%) in 1992 which has decreased to 532.45 km' (82.28%) in 1999. 
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Land Cover Classes 
Agricultural Land 
lorest 
Wasteland 
Settlements 
Waierbodies 
4 Kilometers 
Figure-3.4a Land use/ land cover classification of the Krisfani-Hindon 
interstream area derived from the Landsat Multispectral Imagery acquired on 
24"' September 1992 
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Land Cover Classes 
Agricultural Land 
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Wasteland 
Settlements 
Waterbodies 
2 0 2 4 Kilometers 
Figure- 3.4b Land use/ land cover classification of the Krishni-Hindon 
interstream area derived from the Landsat Multispectral Imagery acquired on 
i nd 22™ October, 1999 
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Hence, there is decline of about 10.64 km^ (1.64%) during 1992 to 1999. The 
decrease in the agricultural land may be due to the encroachment by settlements 
which led to the decrease in agricultural land. The area covered by wasteland in 
1992 was 37.08 km^ (5.73%), which has reduced in the aerial extent to 28.26 km^ 
(4.37%) in year 1999. This indicates that some of the land is reclaimed for 
agricultural practices. The area occupied by settlements has increased from 42.72 
km^ (6.60%) to 66.04 km^ (10.21%) between 1992 and 1999. The increase in the 
settlement is also evident from the increase in total population of the area, which 
clearly indicates the alarming threat to the groundwater system of the area. The area 
covered by forests during 1992 was 18.28 km^ (2.82%) which has reduced to 16.39 
km^ (2.53%) in 1999. The decline in the area of forests might be due to the 
anthropogenic pressures, mounting population pressure and increase in the settlement. 
The area occupied by water body was 5.95 km^ (0.92%) in 1992 which also reduced 
to 3.98 km^ (0.62%) in 1999. During the last seven years the water body has reduced 
by 1.97 km^ probably due to the less amount of rainfall. 
3.7 PEDOLOGY 
The Indo-Gangetic Plains are formed by the periodic deposition of silt brought by 
rivers abound in alluvial soil. The alluvial tracks of Ganga-Yamuna interfluve have 
very fertile soil. The study area is characterized by two types of soils viz. (i) Loam (ii) 
Sandy Loam (Survey of India 2003). The distribution of the two soil types is shown in 
Figure 3.5. 
3.7.1 Loam Soil 
This type of soil is found in an elongated track and almost covers 75 % of the 
western part of the study area. This track is having excellent cultivation. This is the 
most common type of soil in the area. Generally, the surface soil to a depth of 20-25 
cm is well drained soil and contains loose loam that can easily be ploughed and 
cultivated. The soils are more leached than the other soil of the area. The percentage 
of lime content is low. The calcareous nodules occur almost everywhere in the sub-
soil. 
3.7.2 Sandy Loam Soil 
This type of soil is found in a narrow elongated tract. This extends up to 
Bamawa where both rivers are joined. Generally, the soils are alkaline in reaction 
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Figure- 3.5 Soil map of the study area 
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with a pH value above 8. The soil profile consists of numerous immature stratified 
layers of younger soils which are deposited over one another during the time of flood 
periods. These soils have fewer reserves of lime, magnesia and iron. The presence of 
lime saves the soil from becoming completely salinized. 
3.8 WATER UTILIZATION PATTERN 
The area has got excellent fertile tracks and annually three crops system is in practice. 
Sugar cane and wheat are the main crops. In the paucity of major surface water 
irrigation scheme, the recharge from surface water is negligible in the year 2007. This 
has been observed from the field surveys and from the roaster of the canal department 
that the distributaries and minors run dry almost throughout the year due to 
unavailability of water headwords. This leads to ultimate dependency on groundwater. 
3.9 REGIONAL GEOLOGICAL SET-UP 
The study area forms a part of the Ganga basin, which is one of the physiographic 
units of India. The Ganga plain occupies the central position in the Indo-Gangetic 
foreland system. Geographically, it extends from the Aravalli-Delhi ridge in the west 
to the Rajmaha! hills in the east, and from Himalayan foothills in the north to the 
Bundelkhand-Vindhyan Plateau in the south. The east-west length of the Ganga plain 
is about 1000 km and the north-south width varies from 450 km (western part) to 200 
km (eastern part) thus occupying an area of about 250,000 km^ (Singh 1996, 2004). 
Morphologically, the Ganga plain is a shallow, asymmetrical depression with a gentle 
easterly slope. Along the piedmont zone, close to Himalaya, the altitude varies from 
280 m in the west to 67 m in the east. Stratigraphically, it is built up of alternate layers 
of gravel, sand and clays of Quaternary age. The Ganga plain exhibits asymmetrical 
sedimentary wedge, only few tens of meters thick towards peninsular craton and up to 
5 km thick near Himalayan orogen (Singh 2004). The flexing lithosphere below the 
Ganga plain shows many inhomogenities in the form of ridges and basement faults 
(Sastri et al., 1971; Rao, 1973) which are as follows 
• Monghyr-Saharsa Ridge 
• East Uttar Pradesh Shelf 
• Gandak Depression 
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• Faizabad Ridge \i/ \ ' \ ^^ l . > ^ 
^ *.cb. ^J^-V ) - /i 
• West Uttar Pradesh Shelf \\-^V ' A ' / / 
• Kasganj-Tanakpur Spur ^^•^~^-'>^-^'^~<^\^ 
• Ram Ganga Depression ^*^====:S=^^'^ 
• Delhi-Hardwar Ridge 
These basement highs and faults have controlled the thickness of the alluvial fill 
(Bajpai 1989, Singh 1996) and have also affected the river channels on the surface. 
The study area is at the fringe of Delhi-Hardwar Ridge, which represents a 
north-northeastward extension of the Delhi folded belt. The western limit of the 
Ganga basin is delimited by the Delhi-Hardwar Ridge and the oldest sedimentary 
sequence in the basin, namely. Upper Vindhyans, gradually thin out towards this 
ridge. 
3.9.1 Sub-Surface Geology of the Area 
An extensive sub-surface data down to 450 m bgl have been generated under 
the Upper Yamuna projects of Central Ground Water Board (CGWB) with the 
objective of delineating various aquifer systems and their hydraulic parameters 
(Bhatnagar et al., 1982). On the basis of correlation of lithologs and electrical logs, 
four distinct groups of permeable granular zones (sand and gravel) were identified 
which are separated by three impermeable clay horizons. A map of the Ganga 
Plain showing sub-surface basement high and thickness of the foreland sediment is 
published by (Singh 2004). This map shows that the study area lies between the 
contour of 1.5 and 1.0 km (Figure 3.6). Therefore the probable thickness of 
alluvium in the area is approximately 1.3 km. 
Table 3.4: Probable geological succession of the study area 
Quaternary Alternate bed of sand and clay with occasional 
beds of calcrete. 
- Unconformity 
Upper Proterozoic Vindhyan Super Group ? 
Unconformity 
Middle Protoerozoic Delhi Super Group 
Unconformity 
Archean to Bundelkhand Granitoids 
Lower Proterozoic 
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Figure- 3.6 Map of the Ganga Plain showing sub-surface basement high and 
thickness of the foreland sediment (in km). The map has been compiled from 
various sources, i.e. Agarwal (1977), Karunakaran and RangaRao (1979) and 
Singh (2004). 
3.10 Inference 
The study area is a part of the Krishni-Hindon interstream region, which itself is a part 
of much larger Ganga-Yamuna Basin, a distinct physiographic unit of India. The area 
exhibits a gentle southward slope. The elevations, as revealed by Digital Elevation 
Model (DEM), range between 256 m amsl near Babri in north to 224 m amsl in the 
south west near Rahatna, where the Krishni joins the Hindon and forms the southern 
boundary of the area. The slope is very gentle from north to south which is also the 
direction in which the rivers flow. 
The area, on an average receives an annual rainfall of 588 mm and 697 mm at 
Budhana and Shamli raingauge stations, respectively. In general, the intensity of 
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rainfall decreases from east to west. The rainfall results in the recharge of the 
groundwater system and sustaining it 
A change detection analysis of land use/land cover was attempted using two 
times data (1992 and 1999). The available data reveal that the agricultural land is the 
dominant land use category in both 1992 and 1999, which is followed by settlement. 
The agricultural land has decreased from 1992 to 1999. The area covered by 
wasteland has also indicating that some land has been reclaimed. The area occupied 
by settlements has increased during the seven years period. The increase in the 
settlement is proportional to the increase in total population of the area. The decline in 
the area of forests and water bodies might be due to the anthropogenic pressures, 
mounting population pressure and increase in the settlement. All indications are that 
the groundwater resources are under great threat both in terms of availability and 
quality. 
The study area is characterized by two types of soil i.e. loam and sandy loam. 
Loam soil is found in an elongated track and almost covers 75 % of the western part 
of the study area while sandy loam is found in a narrow elongated tract. 
Geologically, the area is characterized by thick pile of Quaternary alluvium 
(>1000 m), which rest unconformably over a basement comprising quartzite of the 
Delhi Super Group. 
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4.1. HYDROGEOLOGICAL UNITS IN THE STATE OF UTTAR PRADESH 
It is logical only to first have an understanding of the regional hydrogeological set 
up. The study area, located between rivers Hindon and Krishni, is just a small part 
of the Ganga basin. The Ganga basin forms one of the most potential groundwater 
provinces in the country. The state of Uttar Pradesh, in turn, forms an important part 
of this basin, which is divisible into four hydrogeological units (Pathak, 1978), 
viz. (i) Bhabar Zone (ii) Terai Belt (iii) Central Ganga Plain (iv) Southern 
Marginal Plain (Figure 4.1). 
4.1.1 Piedmont Zone (Bhabar) 
This is highly porous and permeable zone lying immediately south to 
the outermost Himalaya extending in the northwest-southeast direction. It is 10-
30 km wide, elongated, steeply south sloping unit formed due to merging of 
composite fans with adjoining hydrogeologic unit i.e. Terai. This is highly 
transmissive belt comprising poorly sorted boulders, cobbles, pebbles, gravels 
and sand with only minor amount of clay. It recharges all the deeper aquifers of 
the Ganga basin. In this poorly stratified piedmont deposit, groundwater occurs 
under unconfined conditions. The water table is generally very deep along the 
foothills and commonly ranges from 30 to 50 metres below ground level (m 
bgl), but gradually becomes shallower in the down slope direction and finally 
emerges at the surface as a line of springs which demarcate its south limits or its 
junction with Terai. Wells in this zone, up to a depth of 160 m, generally yield 
100 to 225 mVhour for drawdown ranging between 2.7 to 9.7 m (Pathak ,1978). 
4.1.2 Terai Belt or Wetland Zone 
Terai zone, sub-parallel to Bhabar, is a NW-SE trending belt of 5-15 km 
width with gentle slope. The spring line forms its northern limit while the 
southern limit imperceptibly merges with the Central Ganga Plain. It comprises 
sand, gravels and some pebble beds interlayered with thick clay beds. Terai 
deposits, evidently, are derived from Bhabar fans through fluvial process. 
Groundwater occurs here both under water table and confined conditions. Wells 
tapping confined aquifers show both flowing and non-flowing conditions. 
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The Terai aquifers, tapped by tubewells within the depth of 200 m, show high 
yield potential in the range of 100-200 m'/hour. 
4.1.3 Central Ganga Plain 
This vast alluvial tract, lying between the Terai belt in the north to 
left bank of the Yamuna up to Allahabad in the south and further eastward to 
the left bank of the Ganga forms the hydrogeological unit of Central Ganga 
Plain (Figurje 4.1). This unit is charecterised by a plain of very low relief and 
consists of numerous depositional and erosional features. This plain presents 
surfacially two distinct sub units, which are, the highlands or the composite 
flood plains and the low reverine areas or the meander flood plain (Dubey and 
Hussain, 1991). The Central Ganga Plain is made up of well-stratified gravel, 
sand, silt and clay with the percentage of finer elastics predominating towards 
east. 
The sand and clay beds exhibit wide variations both in their lateral 
and vertical extensions, building up interconnected regionally extensive 
aquifer systems. The principal aquifers underlying the Central Ganga Plain 
attain considerable thickness ranging from few metres to as much as 300 m or 
more. Large capacity tubewells are feasible along the meander belts of major 
river courses. The main water bearing formations lie within the depth range of 
200 to 300 metres with very high discharges. The study area forms a small part 
of the Central Ganga Plain. 
4.1.4 Southern Marginal Plain 
South of the Central Ganga Plain, bordering the peninsular shield lies the 
Southern Marginal Plain. The proximity of the peninsular shield has set limitations to 
the thickness, nature and composition of the sediments. Throughout this zone 
sediments generally have inconsistent thickness and lie within the depth range of 150 
m. It is characterized by semi arid to arid climate with mostly poor quality water. 
However, fresh water horizons, wherever they occur, may host only moderate 
capacity boreholes. 
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Figure- 4.1 Hydrogeological Divisions of Uttar Pradesh (Pathak, 1978) 
4.2 FORMATION OF ALLUVIAL AQUIFER SYSTEMS 
Rivers and streams build thiclc alluvial deposits, which contain 
groundwater reservoirs. Each year about 30% of rainwater returns, more or 
less, directly to oceans through rivers and streams. As this water 
returns to the sea, it erodes the landscape and deposits sediments, such as, sand and 
gravel along river courses (Fletcher, 1987). 
The varied flow regime in the Ganga river system and the depositional history 
of the Quaternary alluvial plain has led to the evolution of the aquifers in the fluvial 
system which is basically dependent on the hydrodynamics of the flow regime, 
geological setting and topography of the terrain. These depositional systems are 
typically represented as the (i) Channel Deposits (ii) Flood Plain Deposits, and (iii) 
Back Swamp Deposits (Kumar, 2005; Umar, 2006). 
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4.2.1 Channel Alluvium 
It is confined to the active flood channels of the rivers and defined by their 
banks, and occurs in the form of point bar, sand bar and lateral sand bars. The typical 
channel deposits from the bottom upwards comprise coarse sand mixed with gravel, 
medium to fine sand, sih and a capping of thin clay. This clay cap and some fine sand 
layers are washed away during the succeeding flood period and a fresh body of sand 
is deposited again each year during the flood thus building up a thick terrigenous 
clastic deposit until the river changes its course as a result of some tectonic control. 
These thick bodies of sand provide the best potential for viable aquifers. This 
phenomenon of fining upward of the sequence was observed at Etawah in point 
bar deposit of Yamuna river, 250 km downstream of the study area. The top 4 m of 
this deposit consists of 60-280 cm thick fining upward sequences (Kumar, 2005). 
4.2.2 Flood Plain Deposits 
The flood water erodes the river bank, transports the materials and finally 
deposits fine to medium sand particles over the flood plain area during the monsoon 
period. The lenticular bodies of sand form moderate aquifers in comparison to the 
highly permeable aquifer of channel deposits. 
4.2.3 Back-Swamp Deposits or Oxbow Lake Deposits 
The flood water, further moves down the slope, to the low lying areas 
where it is left predominantly with the suspended materials which get settled under 
the influence of gravity and form a lensoid body of sand which is further overlain 
by the still finer elastics i.e. clay. Thus there occur enclaves of sand bodies 
intercalated within the underlying and overlying thick clay beds. Such bodies of 
sand form poor aquifers. These aquifers are typical representatives of back swamp 
environment or oxbow lake environment. 
Thereafter, the river changes its course under tectonic control through 
convulsion or some other factor like earthquake. Thus, with the passage of time, 
the position of channel, flood plain and back swamp deposits also continue to 
change. That is why we do not get continuous body of sand or clay except under 
certain extraordinary situation in a single drill hole. 
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4.3 INFERENCE 
The area under study is part of the Central Ganga Plain and lies close to its boundary 
with Bhabar. It consists of channel and flood-plain deposits which are composed of 
gravel, sand, silt and clay, which often show good stratification. Aquifers are 
relatively extensive and may attain thickness up to 300 m. Yields are generally high. 
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5.1 BACKGROUND INFORMATION 
Hydrogeological investigations were carried out in the area under Upper Yamuna 
project by Central Groundwater Board. To depth levels of 450 m bgl, four distinct 
groups of aquifers were identified, which have been designated as I, II, III and IV, 
respectively (Bhatnagar et al., 1982). 
First aquifer is encountered to a depth of 185 m bgl. It is an unconfmed to 
semi confined in nature. Aquifer materials are coarser in nature. 
Second aquifer lies between the depth ranges of 115 to 235 m bgl. This 
granular zone is less coarse than the first aquifer group and occurrences of clay and 
kankar lenses are relatively abundant. 
The third aquifer system occurs in the depth range of 255 to 329 m bgl. Fine 
sand comprises the aquifer material. 
The fourth aquifer occurs at varying depth of 355 to 480 mbgl. At places the 
third and fourth aquifers merge with each other and their individual identity is lost. 
The fourth groups of aquifer materials are coarser in the east and gradually become 
finer, eventually acquiring clayey nature in the vicinity of Yamuna river. In other 
words, sediments are coarser along Ganga and gradually become finer towards 
Yamuna in the west. 
These aquifers are separated from one another by poorly permeable to 
impermeable horizons (Bhatnagar, 1982). Each group represents a separate 
sedimentological environment and hence may be identified as having its own spatial 
and temporal characteristics (Khan, 1992). In the present investigation the first group 
of aquifers (I) have been studied in details. 
5.2 AQUIFER GEOMETRY 
The aquifer geometry is mainly controlled by the changes in the river system, 
depositional history of the alluvial plain and bed rock topography (Khanna, 1992). 
Aquifer geometry means length, width, thickness and its vertical and lateral 
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extensions (Walton, 1970). On the basis of borehole data, a fence diagram and four 
hydrogeological cross sections were prepared. 
5.2.1 Fence diagram 
A fence diagram based on lithological logs of the bore holes drilled by the 
State Tubewell Department has been prepared (Figure 5.1). The fence diagram reveals 
the vertical and lateral disposition of aquifers, aquicludes and aquitards in the study 
area to a depth of 121 m bgl. 
A perusal offence diagram shows the occurrence of a single auifer to depth 
of 121 m bgl. The top clay layer is persistent through out the area varying in thickness 
from 5 to 45 m bgl. The top clay bed is underlain by a single granular zone which 
extends downwards to different depth varying upto 121m b.g.l. The granular zone is 
intercalated by local clay lenses. The granular zone is composed of medium to coarse 
sand and gravel and form about 60 to 75% of the total formation encountered 
particularly in the upper central part of the study area. This area being a down faulted 
area due to NE-SW Muzaffamagar fault possibly became a dominant recipient of sand 
than the area north of fault. Muzaffamagar fault is an active transverse E-W fault 
passing through the city of Muzaffamagar (Bhosle et al., 2007). 
5.2.2 Hydrogeological cross section 
Four hydrogeoiical cross sections (Figure 2.1) based on lithological logs of 
bore holes drilled by State Tube Well Department were prepared. These sections 
reveal vertical and probable lateral extension of aquifers. The lithologs are given in 
Appendix (II). These sections show a single layered aquifer system up to 117 m in 
depth. 
Section AB (Figure 5.2a) is an E- W section in the upper part of the study area 
showing a monostratum aquifer system. The top clay layer is persistent through out 
though it varies in thickness from 29.5 m in the west to 33 m in the east. Within this 
thick clay layer there are four sand lenses. Out of these two sand lenses, with 
thickness of 3 to 6 m and pinching in east and west, respectively, tend to show 
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Figure- 5.1 Fence diagram showing aquifer disposition in area 
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potential for being reasonably good aquifers. Underlying this clay bed is a granular 
zone which is approximately 65 m thick. In this granular zone, a number of clay 
lenses were encountered at variable depth. These clay lenses pinch out laterally, and 
therefore, the granular zone behave as a monostratum aquifer. 
Section CD, (Figure 5.2b) also an E-W section south of section AB, also 
shows a single tier aquifer .The top clay layer is 52 m thick in the west and 55 m in 
the east. Here three sand bodies occur as enclaves with in the clay bed. One of these 
sand lenses is particularly prominent and it extends from well 45 to 70. Underlying 
the clay layer is a potential aquifer which is approximately 50 m thick. Small clay and 
calc concretion lenses occur as small and impersistent enclaves within this potential 
aquifer. 
Section EF, (Figure 5.2c) further south, represents the central part of the study 
area. It also shows occurrence of a single aquifer. The top clay layer is prominent 
through out the area and is 42 m in thickness in the west and 35 m in the east. Small 
sand bodies occur in the top portion of the clay layer. Underlying this clay bed is the 
single bodied aquifer system down to a depth of 49 m. This aquifer is traversed by 
two clay horizons occurring at variable depth which give evidence of pinching out 
laterally. The base of the granular zone is marked by the presence of a relatively 
persistent clay layer having a thickness of about 5 to 10 m. 
Section GH, (Figure 5.2d) the southern most section in the area of study, 
shows the presence of many lensoidal bodies of sand within the thick clay layer 
occurring on the top of the section. These lensoidal bodies, evidently, have potential 
for being aquifers. The thickness of clay layer varies from 25 m in the west to 56.5 m 
in the east. As deciphered from the section (Figure 5.2d), this clay layer shows an 
irregular and some what zig-zag contact with the underlying granular zone showing 
the effects of palaeo-topography/differential weathering. Underlying this clay bed is a 
single potential granular zone which extends to a depth of 54 m in the west and 38 m 
in the east. Minor clay lenses are present within the granular zone. There is small clay 
layer below the granular zone and which is thicker towards east. 
From all the sections it can be inferred that the top clay layer is 
persistent through out the area. These sections show that granular zone comprising 
fine to coarse sand, and subordinate gravel, forms about 50% by volume of the total 
solid phase down to 117 m bgl. 
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5.3 GRAIN SIZE ANALYSIS 
The most common method of measuring particle size is sieving. The process of 
analyzing sediments for the range sizes present is called mechanical analysis. The 
purpose of mechanical analysis is to obtain graphic or numerical data about particle 
size of sediments. 
The aquifer materials (sand sample) were collected from available drilling 
sites for grain size analysis (Table 5.1) with sampling depths ranging between 33 and 
66 m bgl. Two parameters, that is, effective grain size and uniformity coefficient were 
evaluated. 
5.3.1 Effective Grain Size (dio) 
The term "effective grain size" was coined by Allen Hazen (1893) in his 
studies of filter sands. It is a particle size where 10% of sand is finer and 90% coarser. 
It is accepted that dio is the most important parameter*among those governing the 
permeability properties of a medium (Marsily, 1986). 
The result of size analysis shows that the effective grain size of samples 
ranges from 0.08 to 0.17 mm indicating that the sand is fine to very fine in size (Table 
5.1). 
5.3.2 Uniformity Coefficient (Cu) 
Pruess and Todd (1963) tried to relate the specific yield to several physical 
properties of the sediment samples including representative grain size diameter and a 
uniformity coefficient (Cu) used to describe the grading or the particle size 
distribution in the aquifer material. Uniformity coefficient (Cu) is average slope of 
grading curve between 10% and 60% size and is given by 
Cu= dgo/dio 
Where, deo is grain size of 60% finer by weight and dio is effective grain size or the 
grain size of 10% finer and 90% coarser by weight. 
The values of dio and dgo are obtained by plotting grain size against 
cumulative percent finer by weight on semi-log graphs in Microsoft Excel (Figures 
5.3a, b, c, d, e and f). It gives an idea of grading of particle size distribution in the 
material. Lower value of Cu<2 indicates more uniform material or poor grading, 
higher values indicate well graded material and are indicative of lower porosity 
(Raghunath, 1987). 
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The result of uniformity coefficient calculation (Table 5.1) reveals a value of <2 at 
two location indicating their high porosity, while remaining samples show values of 
>2 indicating lower porosity. 
Table 5.1: Values of effective grain size and uniformity coefficient 
Sand 
sample 
No. 
1 
2 
3 
4 
5 
6 
Location 
Fatehpur 
Fatehpur 
Sarai 
Bhaju 
Jaula 
Jaula 
Depth 
(m) 
43 
60 
50 
66 
33 
66 
Effective 
grain size 
(dio) 
0.12 
0.08 
0.16 
0.08 
0.1 
0.17 
Uniformity 
coefficient 
(Cu) 
2.08 
2.6 
1.9 
3.25 
2.7 
1.76 
Typical sand 
type 
Fine sand 
Very Fine sand 
Fine sand 
Very Fine sand 
Fine sand 
Fine sand 
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5.4 SAND PERCENT MAP 
For the sand percent map, the granular zones encountered down to 90 m have been 
utilized (Figure 5.4). Sand percent map has been prepared on the basis of cumulative 
thickness of granular zones encountered in boreholes. The area has been divided into 
seven sand percent zone viz. (1) <45 (2) 45- 50 (3) 50- 55 (4) 55- 60 (5) 60- 65 (6) 
65- 70, and (7) >70. 
The sand percent map reveals that the granular zone that attains a maximum 
thickness is 74% in the village Gangnauli near the left bank of river Krishni in the 
western part of the area. The granular material gradually increases towards both the 
river banks, and decreases due south towards central tract at Bhaju, Kharar, Jaula and 
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Palra. These findings are consistent with the inferences from the fence diagram. It can 
also be inferred that variations in sand percent map is more along the course of 
Krishni as compared to Hindon. This may be explained by the dominance of clay 
horizons along the river Krishni, which is also reflected by its highly meandering 
character. The minimum value of sand percent is 34% at Bhaju and the average value 
of sand percent is 55%. Fine through medium to coarse sand generally comprise the 
aquifer material in the area. 
5.5 INFERENCE 
Four tier aquifer systems are reported to occur to depth of 450 m bgl. The first 
group of aquifer which extends to 185 m bgl is taken for detailed study. 
The fence diagram shows occurrence of single aquifer down to depth of 121 m 
bgl. The top clay layer is persistent through out the area varying in thickness from 5 to 
45 m bgl. The top clay bed is underlain by a single granular zone which extends 
downwards to different depth varying upto 121 m bgl. The granular zone is 
intercalated by local clay lenses. The granular zone is composed of medium to coarse 
sand and form about 60 to 75% of the total formation encountered particularly in the 
upper central part of the study area. 
The sand percent map of the area ranges from 34 to 74%. The map reveals that 
the granular zone attains a maximum thickness near left bank of river Krishni of the 
lower western part of the area. It gradually increases towards both the river banks, and 
decreases due south towards central tract. 
Fence diagram and sand percent map are mutually consistent. 
76 
CHAPTER 6 
GROUNDWATER LEVEL 
VARIATIONS AND 
AQUIFER PARAMETERS 
.»^ 
a Aza^ d i * 
GROUNDWATER LEVEL VARIATIONS AND 
AQUIFER PARAMETERS ^^^^^.^J^jL-i^ 
6.1 GROUNDWATER LEVEL AND ITS VARIATION 
It is well observed phenomenon in northern part of India that the water reaches to it 
shallowest level due to the maximum rainfall recharge in the month of November and 
it recedes to deeper water level conditions in the month of June. 
Groundwater level in an unconfined aquifer is much sensitive to fluctuation. 
This may be because of pumping influence in near by area, river stage and also 
because of groundwater movements. The data collected from observation wells were 
used in interpretation of depth to water, movement and fluctuation of water level. 
6.1.1 Depth to Water Table 
In an unconfined aquifer the water table is the upper surface of the zones of 
saturation where hydrostatic pressure is equal to atmospheric pressure and may be 
defined as the water column which stands in well penetrating the aquifer. The water 
level standing in the dug wells are considered accurate enough to represent the water 
level in the area (Fetter, 1988). The depths to water table maps depict the regional 
variations of the water level with respect to land surface all over the area and are 
useful in deciphering the area of recharge and discharge. Recharge areas are 
characterized by deeper water table while shallow water table below the land surface 
indicates discharge area (Fetter, 1988). 
The depth to water table map of the area has been prepared using water level 
data collected from a network of evenly spaced observation wells (Appendix III B, C, 
D, and E). Water level maps for pre- and post-monsoon periods were prepared for the 
years 2006 and 2007 (Figures 6.1a, 6.1b and 6.2a, 6.2b). 
In pre-monsoon seasons, i.e. June 2006 and 2007, the depth to water level ranges 
from 9.87 to 27.78 m and 9.76 to 29.44 m below ground level, respectively. The 
deepest water levels viz. 27.78 m in June 2006 and 29.44 m in June 2007 were 
recorded at the location Lank. The shallowest water level, i.e. 9.87 and 9.76 m bgl 
was observed at Qutubpur Datana (Appendix IIIB and HID). 
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Figure- 6.1a Pre-monsoon depth to water level map (June 2006) 
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Figure- 6.1b Pre-monsoon depth to water level map (June 2007) 
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The area has been divided into 10 depth to water level zones varying from (1) 
<10- 12, (2) 12- 14, (3) 14- 16, (4) 16- 18, (5) 18- 20, (6) 20- 22, (7) 22- 24, (8) 24-
26, (9) 26- 28, and (10) > 28 m bgl. 
A perusal of the maps show that water levels are shallow along Hindon river 
which ranges from 9.87 to 15.18 m bgl and 9.76 to 15.76 m bgl during June 2006 and 
June 2007 at Qutubpur Datana and Budhana, respectively. The deep water table 
conditions occur in the central tract of the study area. Moreover, during field surveys 
in pre-monsoon season both the rivers and canals were found partially dried and only 
stagnant patches of water were noticed. 
A comparative study of pre-monsoon depth to water maps of 2006 and 2007 
reveals that the water level in most of the observation wells shows declining trend 
with time. The maximum decline of water level occurs at locations Kharar, Daha and 
Lank, i.e. 2.32, 2.05 and 1.66 m, respectively. 
In post- monsoon season, i.e. November 2006 and November 2007, the depth to 
water level ranges from 8.9 - 27.46 and 9.67 - 29.28 m bgl at location Qutubpur 
Datana and Lank, respectively (Appendix III C and III E). A perusal of November 
2006 depth to water level map (Figure 6.2a) shows that the shallow water level zone 
is confined to the vicinity of Hindon river which gradually deepens due west, i.e. in 
the central part of the study area. Likewise, in November (2007) depth to water level 
map (Figure 6.2b) shallow water table is found to occur along Hindon river which 
gradually deepens towards west i.e. in the central part of the study area. 
6.1.2 Water level Fluctuation 
The difference between successive rise and fall in the water level in observation 
wells during a year is called fluctuation, where rise is due to the recharge and fall 
because of the discharge. 
The measurement of water level fluctuations in observation wells is an important 
facet of groundwater studies (Freeze and Cherry, 1979). Differences in the quantities 
of groundwater supply and disposal in specific time interval results in changes in 
storage and fluctuations of groundwater levels. A rise in water level indicates that 
accretion to groundwater storage is taking place. Similarly, a decline in the water 
level indicates that the groundwater in storage is being depleted (Karanth, 1987). 
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Figure- 6.2a Post-monsoon depth to water level map (November 2006) 
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Figure- 6.2b Post-monsoon depth to water level map (November 2007) 
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Water level fluctuations can result from a wide variety of hydrological phenomena, 
both natural and anthropogenic. In many cases there may be more than one 
mechanisms operating simultaneously and if measurements are to be correctly 
interpreted, the mechanisms involved are to be understood properly. These may be 
rainfall infiltration to the water table, air entrapment during groundwater recharge, 
bank storage effects near streams, atmospheric pressure effects, groundwater 
pumpage, seepage through canal beds and agricultural irrigation and drainage (Freeze 
and Cherry, 1979). Near streams, the water level fluctuations are in response to 
changes in the river stage. The magnitude and extent of these fluctuations depend on 
the relative head differences between groundwater and surface water levels, slope of 
the water table, permeability and specific yield of the materials. 
The magnitude of water level fluctuation also depends on climatic factors, 
drainage, topography and geologic conditions. Water level fluctuation in response to 
precipitation is comparatively greater in the uplands, corresponding to recharge areas 
than in lowlands and valley bottoms, corresponding to discharge areas. 
The fluctuations are represented by way of contours of water level differences in 
pre and post monsoon. Water levels for the period of June and November 2006 and 
2007, respectively (Figures 6.3 and 6.4). The difference of groundwater level shows a 
seasonal pattern of fluctuations. The water level fluctuation in the study area is of 
both the types, i.e. positive and negative showing rise and fall in water level, 
respectively. These fluctuations pertain to conditions where in recharge exceeds the 
discharge and vice versa. 
A perusal of fluctuation map for the year 2006 (Figure 6.3), shows that the area is 
demarcated by three fluctuation zones with an interval of 0.5 m, i.e. (1) -0.5 to 0 m, 
(2) 0 to 0.5 m, and (3) 0.5 to 1.0 m. In general, the fluctuations range between 0 to 1 
m. A major portion of the area is represented by 0 to 0.5 m fluctuation zone. The 
maximum fluctuation, i.e. 0.97 m is recorded at Qutubpur Datana in the southeastern 
part of the area. A fluctuation of >0.5 m was observed all along river Hindon from 
Jasoi to Qutubpur and is due to combined effects of recharge from rainfall and inflow 
from the river. 
The water level fluctuation map of year 2007 (Figure 6.4), shows that the area can 
be divided into five zones with an interval of 0.5 m, i.e. (1) -1.5 to -1.0 m, (2) -1.0 to 
-0.5 m, (3) -0.5 to 0 m, (4) 0 to 0.5 m, and (5) 0.5 to 1.0 m. Positive fluctuation is 
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Figure- 6.3 Water level fluctuation map for the year 2006 
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Figure- 6.4 Water level fluctuation map for the year 2007 
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observed all along river Hindon and at the down reaches of Krishni river which may 
be attributed to some local factors like recharge by river water. Most of the central 
part has fluctuations ranging from -0.5 to 0 m. The maximum negative fluctuation 
zone, i.e. -1.5 to -1.0 m is restricted to a smaller part in the vicinity of Krishni at 
Chajpur and Kharar. The statistical analysis of water level fluctuation (2007) data is 
shown in Table 6.1. 
Table 6.1: Statstical analysis of water level fluctuation in 2007 
Fluctuation range (m) 
-1.5 to-1.0 
-1.0 to-0.5 
-0.5 to 0 
0 to 0.5 
0.5 to 1.0 
Numbers of observation well 
2 
3 
13 
18 
03 
Percentage 
5 
8 
33 
46 
8 
The above Table shows that the positive groundwater fluctuation is 
characterized by 54% of the total number of wells, i.e. 21 wells, 33% of the wells fall 
in -0.5 to 0 m zone. Zone with fluctuation from -1.0 to -0.5 m is characterized by a 
meager 8% wells. The zone of maximum negative values is characterized by 2 wells 
corresponding to 5% of the total wells. This negative fluctuation is explained by the 
fact that the area is receiving below averge rainfall since last five years. However, the 
abstraction scenario is same or slightly higher than the previous years. This has 
pushed the study area in to a complicated and alarming situation where in the 
discharge is exceeding the groundwater recharge. 
6.2 WATER TABLE CONTOURS AND GROUNDWATER MOVEMENT 
Water level data of wells collected during pre monsoon and post monsoon for the year 
2006 and 2007 were analyzed and altitude of water level with reference to the mean 
sea level (msl) was worked out. Reduced levels of water table with reference to msl 
were plotted and water table contour maps were generated with contour interval of 2 
m. These maps are very useful in deciphering the groundwater flow direction, 
gradient and areas of recharge and discharge. Convex contours indicate area 
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Figure- 6.5a Pre-monsoon water table contour map for June 2006 
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Figure- 6.5b Pre-monsoon water table contour map for June 2007 
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of groundwater recharge while concave contours show tract of groundwater discharge 
(Todd, 1980). Further, the divergence of flow lines indicates a recharge area where as 
the convergence of flow lines depict the discharge area (Fetter, 1988). 
6.2.1. Groundwater Conditions during Pre-monsoon Seasons 
The elevation of water table ranges from 230 m in the NE at Budhina Kalan to 
200 m in the SW at Rahatna (Figure 6.5a and 6.5b). The general direction of the flow 
is north to south. However, locally some different flow directions are also witnessed 
which in all likelihood are due to over abstraction of groundwater. 
In general, the gradient varies from 3.3 m/km in the NE to 0.82 m/km in the SW 
during the premonsoon period of 2006. In the central part of the area, there are two 
significant groundwater trough observed at Mohammadpur Raising and Lank. The 
possible reason for these troughs is indiscriminate pumping of groundwater for 
agricultural uses. Evidently, due to excessive withdrawal the flow direction of 
groundwater movement has been disturbed locally. The groundwater trough at 
Mohammadpur Raising is much prominent than that of Lank. The hydraulic gradient 
is 2.4 m/km at Mohammadpur Raising and 1.7 m/km at Lank. 
At Mohammadpur Raising in the NE and Bamawa in the south, hydraulic gradient 
is steep, i.e. 3.3 m/km and 2.4 m/km, respectively. Such a steep gradient is generally 
considered a result of either heavy withdrawal of groundwater or lower permeability 
in the aquifer material. It has been observed in the field that the area is excessively 
pumped. Thus, it may be inferred that the steep gradient in these areas is due to 
excessive abstraction rather than low permeability conditions. Krishni seems to be 
influent through out its course. Hindon river is also influent, in general. 
The heavy groundwater withdrawal in the vicinity of river has strong bearing 
on determining the nature of river-aquifer interaction. Since, the groundwater draft is, 
more or less, uniform throughout the year, the contour pattern depicted seems to be 
permanent in nature. The average annual decline of water level from pre-monsoon 
2006 to pre-monsoon 2007 is 0 .94 m. 
6.2.2 Groundwater condition during post-monsoon seasons 
The elevation of water table contours range from 231 m in the NE to 201 m in 
the SW (Figures 6.6a and 6.6b). Post-monsoon contours remain more or less same as 
those of pre monsoon period. The only difference is that although the two troughs that 
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Figure- 6.6a Post-monsoon water level contour map for November 2006 
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Figure- 6.6b Post-monsoon water level contour map for November 2007 
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developed in the pre monsoon period (2006) persist, the one in the NW becomes 
smaller. The troughs at Mohammadpur Raising and Lank, therefore, seem to be 
permanent features of the groundwater regime of the area. General groundwater flow 
is north to south with some minor variations in the southern part of the area. These 
may be attributed to local factors, such as, pumping and other anthropogenic 
influences. 
In general the gradient varies from 0.75 m/km in SW to 4.2 m/km in NE. 
Steep gradient is indicated from Bhurakalan to Mohammadpur Raising in the 
northeastern part and from Bamawa to Shajahanpur in the region also where Krishni 
and Hindon join one another. 
6.3 LONG TERM BEHAVIOR OF WATER LEVELS - HYDROGRAPHS 
Water level data provide records of short term changes and long term trends of 
fluctuations of storage within groundwater reservoirs. Data on groundwater levels 
may be used for various objectives, such as (Walton, 1970): 
(1) Identifying areas of detrimentally low or high water levels 
(2) Facilitating prediction of groundwater sUpply outlook for the future by 
showing the time-rate of change in groundwater storage 
(3) Appraising the relationship between water level fluctuations and pumping 
precipitation, and other factors 
(4) Indicating the status of groundwater in transit 
(5) In aiding the base flow of streams 
(6) In furnishing information for use in research 
Historical water level data of 5 permanent hydrograph stations were collected from 
Central Ground Water Board (CGWB) and State Groundwater Department 
(UPSGWD). The data were utilized to prepare hydrographs with a view to study their 
behaviour with respect to time and space and their dependence on natural 
phenomenon. 
Water levels in water table aquifers are affected by direct recharge from 
precipitation, evapotranspiration, withdrawals from the wells and discharge to 
streams, and sometimes changes in atmospheric pressure. The water level, therefore, 
has a rising and declining trend with respect to time and a function which causes such 
rises in water levels, i.e. availability of rainfall (Walton 1970). 
92 
Perusals of hydrographs indicate that the water level variation is cyclic and 
sinusoidal as a function of time and space. For a year, the water level is deepest 
during the month of June and shallowest during the month of November. It is 
observed that the water level starts rising by the last week of June and attains 
shallowest level in November. In overdeveloped areas a downward trend of water 
levels may continue for many years because of continual increases in pumpage or 
withdrawals in excess of recharge, or both. 
Hydrographs of five permanent stations were plotted which show progressive 
declining trend in the study area which is is pronounced and persistent (Figures 6.7a, 
6.7b and 6.7c). A trend line was fitted on all the graphs. Using't' statistics for testing 
the significance of the observed regression coefficient, the values of R^  and R for the 
given data set are 0.83, 0.81,0.94, 0.23, 0.91 and 0.91, 0.9, 0.97, 0.48, 0.95 for Phusar, 
Daha, Budhana, Bamawa, and Shamli stations, respectively. The significance level of 
all the values varies between 0.01 and 0.001, which is quite good fitting with 99% of 
confidence. The average annual decline of groundwater in area is given in Table 6.2. 
Table 6.2: Average annual declines in the area 
Hydrograph station 
Phusar 
Daha 
Budhana 
Bamawa 
Shamli 
Average annual decline 
(m) 
1.03 
0.98 
0.31 
0.07 
1.10 
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6.4 TEMPORAL VARIATION IN WATER TABLE AND MONTHLY 
RAINFALL 
The monthly rainfall data has been collected from Shamli and Budhana raingauge 
stations. Graphs of monthly rainfall and water level were prepared to see the impact 
of rainfall on water table. The close analysis of the graphs shows that rainfall is a 
major source of groundwater recharge. This is depicted in the rise of water level at the 
end of the monsoon period. Groundwater recharge is maximum in monsoon months 
and minimum in non-monsoon time period. 
Extended dry periods have pronounced adverse effects on water levels; 
groundwater storage is considerably reduced during these periods. In areas of heavy 
pumping, the hydrograph often show the seasonal and secular fluctuation not because 
of natural phenomena but also because of seasonal fluctuation in pumping rates. 
The scanty and below average rainfall in the last nine years at Shamli has 
affected the groundwater regime in the area and is clearly depicted in Figure 6.8a. The 
rainfall in the year 2007 is decreased by 16% of the average at the Shamli rainguage 
station. This has given rise to almost flat trend of water level which was earlier 
characterized by sharp rise in the month of November and decline in June. 
The long term water level data of Budhana and Daha (Figures 6.8b and 6.8c) 
show that the intensity and magnitude of rainfall has decreased considerably which 
has resulted in sharp decline in water levels. A critical study of hydrographs indicates 
that the ascent of level is also affected by the intensity and distribution of rainfall. 
6.5 AQUIFER PARAMETERS 
The aquifer parameters discussed here include isopermeability and hydraulic 
conductivity as determined in laboratory. In addition, there is a discussion on 
parameters assessed using the pump test. 
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Figure 6-.8c Temporal variation of rainfall and water level at Budhana - Daha 
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6.5.1 Isopermeability 
Logan (1964) reasoned that if a well is pumped for such a long period that 
the flow is in steady state, then an approximate estimation of the order of 
magnitude of the transmissivity can be made using the Theims formula for a 
confined aquifer which can be written as: 
2.3 Q log (rmax/rw) 
T= (1) 
2 71 Smw 
Where, 
R = radius of pumped well in m 
Tmax = radius of influence in m 
Smw = maximum drawdown in the pumped well in m 
Logan further stated that the accuracy of the calculation depends only on the 
accuracy of measurement of Smw (on which well losses may have substantial 
influence and on the accuracy of the ratio rmax/fw As rmax/rw cannot be accurately 
determined generally, Logan opined that although the variation in r^ ax and rw may 
be substantial, the variation in the logarithim of their ratio is much smaller. Hence, 
assuming average conditions of the ratio, he suggested a value of 3.33, for log 
ratio which may be taken as rough approximation. 
Substituting the value given above in the equation (1), we get the Logan's 
formula, 
1.22 Q 
T= (2) 
Smw 
Where, Smw is the maximum drawdown in a pumped well. 
According to Krusemen and de Rider (1970) Logan's formula in the above 
form gives erroneous results of the order of 50% or more. However, based on 
Logan's approach, an isopermeability map of the area was prepared (Figure 6.9). 
For the purpose, specific capacity and drawdown data of various tube wells were 
collected and utilised for the determination of transmissivity and permeability by 
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Figure- 6,9 Logan's Isopermeability map 
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Logan's formula. A perusal of the isopermeability map of the area shows that there 
are five isopermeability zones, viz. (1) 10-20, (2) 20- 30, (3) 30-40, (4) 40- 50, 
and (5) > 50 (the unit being m/day). The permeability range of 20 to 30 m/day 
covers the major portion of the study area, which gradually increases towards 
southeast of Hindon river. 
The maximum value is 54 and 51 m/day at Babri and Bamawa, respectively, 
in the norther and southern parts of the study area. Here sand percent values are also 
more, i.e. 50 and 58%, respectively. The area in the middle of Krishni- Hindon 
Interfluve, particularly around villages Bhaju, Bhanaura Khurd and Jaula, have low 
permeability values, i.e. 10- 20 m/day and these locations are characterized by lower 
sand percent, i.e. < 44%. Some areas show very high sand percent (54 to > 69%) but 
the permeability values recorded are low (30- 40 m/day). This may possibly be 
attributed to subtle variation in grain size, sorting characteristics and grain packing, 
representing microscopic inhomogeneities that control permeability and thus the fluid 
flow characteristics. In general the permeability values decreases from north to south 
but the southern part of the area shows again an increasing trend up to the meeting 
point of the two rivers 
6.5.2 Laboratory Estimation of Hydraulic Conductivity 
Hydraulic conductivity K of an aquifer is known to depend both upon the fluid 
properties and properties of transmitting medium. For the present study, 6 aquifer 
material samples (sand) were collected from drilling sites and their permeability was 
determined using constant head permeameter. Permeability can be obtained using the 
Darcy's Law by measuring the volume of water (V) percolated through the sample of 
cross-sectional area (A) and length (L) in given time (t) under a constant head (h) at 
laboratory (constant) temperature. The equation used is: 
K=VL/hAt 
The hydraulic conductivity obtained by permeameter ranges from 1.07 to 3.84 m/day, 
which correspond to typical conductivity value for fine grained size material (Todd, 
1980). These values are an order of magnitude lower than those estimated by pumping 
tests in adjacent are by Bhatnagar et al., (1982). The permeability values obtained by 
permeameter represent the sample from shallow depth. The size of sand tested 
varies from very fine to fine. Therefore, the values obtained are at lower side. 
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Moreover, natural set-up is also altered because of compaction of the sand grains 
in confined environment. 
The estimated permeability of various aquifer materials is tabulated below in 
Table 6.3. 
Table 6.3 Results of laboratory hydraulic conductivity (m/day) 
S.No 
1 
2 
3 
4 
5 
6 
Location 
Fatehpur 
Fatehpur 
Sarai 
Bhaju 
Jaula 
Jaula 
Depth (m) 
43 
60 
50 
66 
33 
66 
K(m/day) 
1.07 
3.84 
2.65 
1.801 
2.56 
3.56 
6.5.3 Pump Test 
Gupta et al., (1985) conducted 9 pump tests in Krishni-Hindon inter-strem 
region. The reported transmissivity value't' calculated from pump test data in the area 
of study ranges from 720 to 1820 m^ /day and are given in Table 6.4. 
Table 6.4: Transmissivity values calculated from pump test data 
Sr.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Latitude 
29" 17'30" 
29" 16' 
29" 16' 
29" 15' 
29" 13'30" 
290 14/ 
29" 13'20" 
29" 11' 
29" 10' 
Longitude 
77" 22' 
77" 24' 30" 
77" 28' 
77" 28' 
77" 27/ 
77" 29' 
77" 23' 25" 
77" 26' 45" 
77" 24' 40" 
Transmissivity (m /^ day) 
720 
1060 
1100 
1100 
1120 
1180 
1200 
1820 
1390 
6.6 INFERENCE 
Depths to water table during pre- and post-monsoon range between 9.87 to 27.78 m 
bgl and 8.9 to 27.46 m bgl, respectively, in 2006. In 2007, the water level varies 
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between 9.76 to 29.44 m bg! and 9.67 to 29.28 m bgl, respectively. The shallowest 
occurrence is recorded at Qutubpur Datana while the water table is deepest at Lank. 
In one year period, i.e. June 2006 and June 2007, there had been lowering of 
water table by up to 2.32 m. Similar observations were made during November in the 
corresponding years. In general, water table is relatively shallow along river Hindon 
and deeper in the central part. 
The water level fluctuation ranges from -0.49 to 1.0 m and -1.5 to 1.0 m in 
2006 and 2007, respectively. The water level fluctuation during 2007 is insignificant 
due to below average rainfall. 
Water table contour maps have revealed that the movement of groundwater is, 
in general, from north to south. Hydraulic gradient during pre- and post-monsoon 
periods has been estimated at 0.82 - 3.3 and 0.75 - 4.2 m/km, respectively. 
At places the gradient is rather steep. For example, it is 2.4 to 3.3 between 
Mohammadpur Raising and Bamawa. This seems to be related to excessive pumping. 
Two significant groundwater troughs have been observed in the middle of the 
area at Mohammadpur Raising and Lank. Evidently, these are persistent features and 
could have developed as a result of excessive and indiscriminate pumping. 
Historical water level data of 5 permanent monitoring wells were analysed. 
Thes hydrographs show declining trend. The average annual decline of groundwater is 
from 0.073 to 1.1 m. 
An isopermeability map has been prepared using Logan (1964) approximation. 
The permeability ranges from 12 to 54 m/day. The bulk of the area is represented 20-
30 m/day permeability zone. 
The hydraulic conductivity of aquifer materials were also determined by 
constant head Permeameter, and the values obtained by Permeameter ranges from 
1.07 to 3.84 m/day which correspond to typical conductivity value of fine grained 
size. These values are lower than the pumping test values. The possible reason for low 
values are that the sand samples are fine grained. Moreover, the natural setup is also 
altered because of compaction of the sand grains in confined environment whereas 
transmissivity of aquifer evaluated by pumping test in previous studies ranges 
between 720 and 1820 m /^day. 
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CHAPTER 7 
GROUNDWATER 
BUDGET 
GROUNDWATER BUDGET 
7.1 GENERAL 
The basic objective of groundwater resource evaluation is to estimate the total 
quantity of groundwater resources available, and their future supply potential to 
predict possible conflict between supply and demand and to provide a scientific 
database for rational water resources utilization (Earth Summit, 1992). Quantification 
of the available groundwater resources of an area is important for evolving a 
sustainable development strategy. 
Groundwater development has played a fundamental role in fuelling 
agricultural growth in many parts of the developing world (Giordano, 2006). Due to 
abstraction of large quantities of groundwater through pumping for irrigation and 
domestic uses, has threatened the sustainability of agriculture development. It has 
been concluded, therefore, that it is necessary to restrict the exploitation of 
groundwater to its availability (Marechal et al., 2002). 
The development and over-exploitation of groundwater resources in certain 
parts of the country have raised the concern and need for judicious and scientific 
resource management and conservation (Kumar, 2003). Overexploitation and 
mismanagement create adverse impacts on groundwater regime. The management of 
aquifers raises a variety of difficult issues when these are being intensively used 
(Llamas and Custodio, 2003; Puri and EI Naser, 2003). Consequently, judicious 
management implies increasingly more comprehensive management over a wider 
spatial extent (Howard and Gelo, 2003). Therefore, quantitative evaluation of 
groundwater resources of an area or basin is an essential pre-requisite for its 
management (Umar et al., 2008). An attempt has been made in the present work to 
calculate various components of the groundwater budget of Krishni-Hindon 
interstream region and draw conclusions relevant to groundwater management. 
Groundwater resource Estimation Committee 1997 (GEC 97) methodology 
with few additions is being utilized to estimate groundwater resources of inter-stream 
area. 
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7.2 COMPONENTS OF GROUNDWATER BALANCE 
The groundwater resources in unconfined aquifers can be classified as static and 
dynamic. The static resources can be defined as the amount of groundwater available 
in the permeable portion of the aquifer below the zone of water level fluctuation. The 
dynamic resources can be defined as the amount of groundwater available in the zone 
of water level fluctuation. The replenishable groundwater resource is essentially a 
dynamic resource which is replenished annually or periodically by precipitation, 
irrigation return flow, canal seepage, tank seepage and influent seepage (Kumar, 
2003). 
The groundwater budget of an area focuses on the underground flows. 
Changes in subsurface water storage can be attributed to the recharge, irrigation return 
flow and groundwater inflow to the basin minus the base flow (groundwater discharge 
to the rivers and springs), evapotranspiration, pumping and groundwater outflow from 
the basin (Schicht and Walton, 1961). 
The groundwater balance may be expressed in the form of equation which 
requires quantification of the components of inflow to, and outflow from a 
groundwater reservoir, as well as changes in storage therein. The water level 
fluctuation method is based on the application of groundwater balance equation, 
which is stated in general terms as follows for any specified period 
Input - Output = Change in Storage or 
I-0 = ±AS (1) 
In the above equation, the terms input and output are used in the general sense, 
referring to all components of groundwater balance, which are either input to the unit 
i.e. recharge or output from the unit i.e. groundwater discharge. 
Flows are of two types, inflows and outflows (Figure 7.1). The inflows are 
positive and contribute to the recharge of aquifer. The outflows correspond to water 
leaving the aquifer and thus relate to the discharge of aquifer. A simplified 
presentation of various inflow and outflow components is listed below. 
7.2.1 Items of supply to groundwater reservoir 
1. Precipitation infiltration to the water table 
2. Canal seepages 
3. Recharge from irrigation return flow 
4. Ground water inflow into the area under consideration 
% ^ ^ ^ 
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5. Recharge from surface water application 
6. Recharge from tanics, ponds and groundwater recharge structures 
7.2.2 Items of disposal from groundwater reservoir 
1. Evaporation from capillary fringe in areas of shallow water table, and 
transpiration by phreatophytes and other plants / vegetation 
2. Natural discharge by seepage to streams 
3. Ground water outflow 
4. Artificial discharge by pumping 
@ A ^ 
A 
V 
V 53Dra C 
Figure- 7.1 Simplified presentation of various inflow and outflow component 
The heavy demand of groundwater sometime leads to excessive withdrawals and 
indiscriminate utilization which is often reflected in serious imbalance of 
hydrogeological situations at later date. It is, therefore, imperative to identify various 
recharges and discharge components of groundwater regime and their effect on its 
variation with time. 
7.3 ESTIMATION OF GROUNDWATER RECHARGE 
The evaluation of groundwater recharge parameters forms an important aspect of 
groundwater resources evaluation. It takes into account hydrometeorological and 
hydrological processes taking place on the surface and also involves sub-surface 
lithological characteristics (Baweja and Karanth, 1980). Various estimation of 
groundwater recharge in the country has been made (Rao 1970, Raghava Rao et al., 
1969 and Pathak, 1982). 
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The techniques used for estimating groundwater recharge rates can be divided into 
physical and chemical methods (Allision 1988 and Foster 1988). The physical 
methods of the budget includes the: 
(i) calculation of soil water balance by processing the hydro meteorological 
data and the soil crop data, 
(ii) interpretation of hydrologic data including analysis of piezometric 
fluctuations and differential stream flow analysis and 
(iii) soil physics measurement 
The chemical method of groundwater recharge estimation comprises chemical 
and isotopic analysis of pore fluids from the saturated and unsaturated zones. The 
chloride mass balance method with certain conditions and assumptions has been 
found to provide reasonable estimates of groundwater recharge in semi-arid areas 
comparable to those obtained by physical methods (Woods and Sanford, 1995). 
Tritium, a radioactive isotope of hydrogen is commonly used as a tracer in 
hydrological studies. The tritium injection method (Zimmermann et al., 1967; 
Munnich, 1968) assumes a piston flow model for movement of water infiltrating 
the vadose zone. It means that the soil moisture moves downwards in discrete 
layers. Several studies using tritium tracer were conducted in the alluvial aquifers 
of Indo-Gangetic Plain of Western Uttar Pradesh (Gupta et al., 1985; Goel, 1975; 
Rangarajan, 2006). The average estimated value for the rainfall recharge is 20.5% 
of the total rainfall. 
The water table fluctuation method is a physical method of groundwater 
budget estimation and this method is most promising and attractive owing to its 
accuracy, ease of use and cost effectiveness for assessing groundwater balance in 
semi-arid areas (Beekman and Xu, 2003). Water table fluctuation method is applied to 
calculate recharge since this method takes into account the response of groundwater 
levels to groundwater input and output components. 
The groundwater level fluctuation method is used for recharge assessment in 
the monsoon season. For non-command area, recharge in the non-monsoon season is a 
small component and may be estimated empirically. 
The northern part of the country receives 80% of rainfall in monsoon season. 
For purpose of recharge assessment using water level fluctuation method, the 
monsoon season may be taken as May/June to October/ November for all areas. This 
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recommendation means that an additional period of one month after recessation of 
monsoon is talcen to account for the base flow which occurs immediately following 
the monsoon period but may not be utilized for groundwater development based on 
present practice. The rate of recession of water level is relatively rapid in the 
beginning, for a period of one and half months, after which the water level starts 
rising and reaches to maximum. It is therefore, recommended that the groundwater 
recharge may be estimated for monsoon period utilizing water level fluctuations. 
The non-monsoon season, i.e. November/December to April/May would 
correspond to Rabi cultivation. Zaid period of cultivation is along with that of Rabi 
but for a smaller time period, i.e. from January to April. In the present study, the 
hydrological year has been defined as the beginning of June 2006 to the end of May 
2007, which includes a monsoon and a non-monsoon period. 
7.3.1 Estimation of groundwater recharge for the monsoon season in non 
command area 
The water level fluctuation method is applied for the monsoon season to 
estimate the recharge. The groundwater balance equation for the monsoon season in 
non-command area is given by 
RG-DG-B+IS+I=S (2) 
Where, 
RG = gross recharge due to rainfall and other sources including recycled water 
DG = gross groundwater draft 
B = base flow into streams from the area 
IS = recharge from streams into groundwater body 
I = net groundwater inflow into the area across the boundary (inflow-outflow) 
S = groundwater storage increase 
All quantities in Eqn.2 refer to the monsoon season only. 
To signify the total recharge (RG) Eqn.2 can be rewritten as 
R = S + DG + B -IS -I (3) 
Where 
R = possible recharge, which is gross recharge minus the natural discharge in 
the area in the monsoon season. 
Substituting the expression for storage increase S in terms of water level fluctuation 
and specific yield, Eqn.3 becomes. 
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R = h X Sy X A+DG + B - Is -1 (4) 
Where 
h = rise in water level in the monsoon season 
Sy = specific yield 
A = area for computation of recharge 
R = 0.43X 0.15X 647.12+ 105.7+0- 4.2- 2.29 
R = 140.95 million cubic meter (Mcum) 
The specific yield value was taken from the pumping test carried out (Gupta et 
al., 1985) and it is assumed to be uniform in the entire study area. Here the base flow 
is zero, and the recharge from canal seepage is minimal, so it is added in the stream 
recharge in the above equation. 
The recharge calculated from Eqn.4 gives the available recharge from rainfall 
and other sources for the particular monsoon season. For non-command areas, the 
recharge from other sources may be recharge from recycled water from groundwater 
irrigation, recharge from tanks and ponds and recharge from water conservation 
structures, if any. 
The rainfall recharge is given by, 
Rrf = R - Rgw - Rwc - Rt (5) 
where 
Rrf = recharge from rainfall 
Rgw = recharge from groundwater irrigation in the area 
Rwc = recharge from water conservation structures 
Rt = Recharge from tank and ponds 
Rrf = 140.95- 69.86 
Rrf= 71.09 Mcum 
Rwc and Rt are not applicable In the present study area. 
The recharge from rainfall estimated as per Equation 5 is for particular 
monsoon season. 
Therefore, the total monsoonal recharge is added up all the monsoon components 
R=Rrf+Rgw + IS+I 
R= 71.09+69.86+ 4.2+ 2.29 
R= 147.44 Mcum 
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7.3.2 Estimation of recharge during non-monsoon season 
Almost 80-85% of the rainfall occurs in the monsoon period. However, some 
showers occur in the months of December to March too. The non-monsoon rainfall is 
scanty and low in magnitude but is of much importance for the Rabi crops. Though it 
imparts feeble effect on groundwater budget but needs to be considered. 
7.3.2.1 Recharge from rainfall 
The recharge from rainfall during the non-monsoon season may be estimated 
based on the rainfall infiltration factor provided the normal rainfall in the non-
monsoon season is greater than 10% of the normal annual rainfall. If the rainfall is 
less than this threshold value, the recharge due to rainfall in the non-monsoon season 
may be taken as zero (GEC 97). The non-monsoon rainfall recharge is calculated by 
applying infiltration factor to the rainfall i.e. geographical area x non-monsoonal 
rainfall x infiltration factor, where infiltration factor is 0.22 (GEC 97) and 0.08144 is 
the non-monsoon rainfall in m for the year 2007. 
Rainfall recharge in the non-monsoon season may be estimated based on the 
rainfall infiltration factors in Table 7.1. 
Table 7.1: Non-monsoon rainfall recharge 
Non-monsoon Rainfall 
(m) 
0.08144 
Infiltration factor 
0.22 
Total area 
(km') 
647.12 
Rainfall recharge 
(Mcum) 
11.59 
7.4 RECHARGE THROUGH IRRIGATION RETURNS 
The area is agriculture dominated and most of the crops grown require 4 to 5 flood 
irrigation. Therefore, it is important to account for the water that returns back to the 
aquifer system. 
The groundwater is the major source of irrigation in the study area. The 
volume of pumped water, which rejoins the water table, constitutes the irrigation 
return flow. For example, rice cultivation requires large volume of water since it 
requires a few cm of standing water in the field and this results in a high return flow. 
Instances of more than 50 % return flow have been reported (Jalota et al., 2002). The 
infiltration factor is dependent upon several factors including soil types and texture, 
depth to water table, types of crop and method of application of water. Although, 
108 
different crops and irrigation system give rise to different percentage as return flow 
but based on the major cropping pattern, it varies widely from 15 to 35% for the three 
major crops, i.e. rabi, kharif and zaid (GEC 97). Kharif crop would pertain to 
monsoon season. However rabi and zaid are sown in the non-monsoon season. Crop 
wise irrigation return seepage in the area has been calculated which is given in Table 
7.2. 
Table 7.2: Seasonal crop wise irrigation return in the area 
Crop type 
Monsoon 
Kharif 
Non Monsoon 
Rabi 
Zaid 
Area 
irrigated 
(km )^ 
499 
254 
33 
Average 
wetted 
depth (m) 
0.4 
0.4 
0.4 
Irrigation 
water applied 
(Mourn) 
199.6 
101.6 
13.2 
Seepage 
factor 
(%) 
35 
15 
15 
Seepage 
(Mcum) 
69.86 
17.22 
1.98 
The total quantum of the irrigation return flow is thus computed to be 89.06 Mcum 
7.5 RECHARGE THROUGH CANAL SEEPAGES 
Recharge through percolation from canals depends on the infiltration capacity of the 
canal sub-surface lithology, extent of wetted perimeter, length of canal (Karanth, 
1987). The wetted perimeter and total length of different canals were determined. 
Data of total numbers of running days were collected from the District Irrigation 
Department. 
Canal seepage = length x wetted perimeter x total running days 
The seepage from various canals and distributaries are given in Table 7.3 
Table 7.3: Recharge due to canal seepage in the study area 
Type of 
canal 
1 
Distributary 
Minor 
Total 
length 
of 
canal 
(km) 
2 
37.27 
13.0 
Average 
wetted 
peri-
meter 
(m) 
3 
4.7 
3.2 
Average running days 
Non 
monsoon 
4 
29 
16 
Monsoon 
5 
58 
43 
Seepage ( 
Non 
monsoon 
[Col. 2 X col. 
3 X col. 4 X 
20x10-^ ] 
6 
1.02 
0.14 
Mcum) 
Monsoon 
[Col. 2 x 
col. 3 X 
col. 5 X 
20x10"^ ] 
7 
2.03 
0.36 
Total recharge due to canal seepage is thus estimated at 3.55 Mcum. 
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7.6 ESTIMATION OF HORIZONTAL INFLOWS AND OUTFLOWS 
Horizontal inflows (HIN) and outflows (HOUT) take place at the boundaries of the 
watersheds. Krishnl and Hindon rivers may be regarded as hydraulically connected 
with the aquifer. Groundwater discharge in the form of horizontal outflow is the 
function of hydraulic gradient, but in this case it is negligible. Horizontal inflows and 
recharge from stream are, however, to be included in groundwater budget. In an 
alluvial area, the subsurface inflows are possible from every possible direction. 
To estimate boundary flows, the study area is divided into 21 grids such that 
the length and breadth of each grid is 5x1 km. The western and eastern part constitute 
river Krishni and Hindon, respectively. The horizontal inflow and seepage from 
streams was calculated with the help of grid pattern (Figures 7.2a and 7.2b). These 
flows are dependent on horizontal permeability, thickness of the saturated zone and 
local hydraulic gradient. 
where, QINF is the total inflow from north and stream recharge towards the study area, 
T is the transmissivity (mVday), Ah/A/ is the hydraulic gradient, and Aw is the width 
of the grid (m). The trasmissivity values ranges from 720- 1820 m /^day (Gupta et al., 
1985). The specific value of "T" was used for individual grids depending upon the 
closeness of data point 
Applying and solving the above equation for each grid of uniform length and 
breadth. Where, 7',^ |_„= 720-1820 m /^day and Ah^ refers to the change in hydraulic 
head at each grid. 
19 21 
QTotal= X ^ / . +ZSinf 
1=1 /=20 
here, Qu and Qjnf are stream recharge and horizontal inflow from north 
= 11901.3+15056.25 
Qrotai = 26957.55 mV day 
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Figure- 7.2a Horizontal inflows and seepage from stream (June 2006) 
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Figure- 7.2b Horizontal inflows and seepage from stream (November 2006) 
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After solving the above equation for each grid of uniform length and breadth, the 
Qiotai can be obtained which serves as a component in groundwater budget estimation. 
The estimates of boundary flows are given in the Table 7.4. 
Table 7.4: Subsurface horizontal flows and stream recharge during monsoon and 
non-monsoon season 
Inflows (Mcum) 
Monsoon 
2.29 
Non-monsoon 
3.21 
Stream recharge 
(Mcum) 
Monsoon 
1.81 
Non-monsoon 
2.53 
7.7 TOTAL ANNUAL RECHARGE 
The total annual recharge is obtained as the sum of recharge in the monsoon season 
and recharge in the non-monsoon season, where in each season, the recharge 
comprises of recharge from rainfall and recharge from other sources (Table 7.5). 
Table 7.5: Annual groundwater recharge in the study area (Mcum) 
Area type 
Non 
Command 
Rainfall 
recharge 
82.68 
Irrigation 
returns 
89.06 
Canal 
seepage 
3.55 
fflF 
5.5 
Recharge 
from 
stream 
4.34 
Total 
recharge 
185.13 
7.8 GROUNDWATER DRAFT ESTIMATION 
Groundwater draft refers to the quantity of groundwater that is being withdrawn from 
the aquifer. Groundwater draft is a key input in groundwater resource estimation. 
Groundwater discharge through pumpage is the major negative components (i.e., 
outflows) in the irrigated land. Evaporation from the water table and subsurface 
horizontal outflows are negligible and are not taken into consideration in this study. 
Discharge mainly takes place through pumpage by various groundwater structures. 
Data of boreholes present in the basin was collected from District Statistical 
Report. Three types of bore wells were categorized on the basis of their yield. The 
State Tube Wells have a discharge rate of 1500 1/m. Private (electric) tube well 
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and private pump sets (diesel) have discharge rate of the order of 250 1/m and 60 l/m, 
respectively. In total, there are 124 state tube wells, 5886 private tube wells (electric) 
and 1574 private pump sets (diesel) in the area. 
The unit yearly draft for the above groundwater structures has been fixed by 
GEC 1997. The annua! unit draft for state tube well, private tube wells (electric) and 
private pump sets (diesel) is 0.2,0.037 and 0.0075 Mcum, respectively. 
The groundwater draft has been computed by multiplying the total numbers of 
wells by unit draft for different season. Season-wise draft through pumpage for 
monsoon period (152 days) and non-monsoon period (213 days) is estimated 
separately and given in Table 7.6. 
Table 7.6: Groundwater draft through pumpage (Mcum) 
Season 
Monsoon 
Season 
Non-
monsoon 
Season 
State Tube 
wells 
10.3 
14.3 
Private tube wells 
(Electric) 
90.6 
126.5 
Private pumpset 
(Diesel) 
4.8 
6.7 
Total 
Draft 
105.7 
147.5 
7.9 TOTAL DRAFT 
The value of total draft is calculated by summing up draft through pumpage 
from wells of all types, losses via evaporation and horizontal subsurface outflows. 
The estimates of groundwater draft are given in Table 7.7. 
Table 7.7: Total draft in the study area (Mcum) 
Draft through 
pumpage 
253.2 
Evap 
Nil 
Outflow 
Nil 
Total 
discharge 
253.2 
7.10 NET ANNUAL AVAILABILITY AND GROSS GROUNDWATER 
DRAFT 
The total annual groundwater potential obtained for the unit refers to the available 
annual recharge after allowing for natural discharge in the monsoon season in terms 
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of base flow and subsurface inflow and outflow. This annual groundwater potential 
includes the existing groundwater withdrawal, natural discharge due to base flow and 
subsurface inflow and outflow in the non-monsoon season and availability for future 
development. 
The existing gross groundwater draft for all uses refers to the total of existing 
gross groundwater draft for irrigation and all other purposes (GEC 97). 
7.11 GROUNDWATER BUDGET 
The groundwater balance may be expressed in the form of the equation 
I-0 = ±AS 
Where I is inflow that includes all recharge parameters and O is outflow which 
includes all djscharge parameters. The term ± AS' is change in storage. 
Substituting the values derived in the study in the groundwater balance 
equation give the following: 
A5 = 185.13-253.2 
z:^ =-68.07 Mcum 
This indicates that the study area has a negative groundwater balance for the period 
fi-om June, 2006 to May, 2007, of the order of 68 Mcum. In other words, the system 
has been depleted by this much amount during the given period. 
7.12 STAGE OF GROUNDWATER DEVELOPMENT IN THE STUDY AREA 
Gross Groundwater Draft 
Stage of Groundwater 
Development 
XlOO 
Annual Groundwater Availability 
The stage of groundwater development in the study area is given in Table 7.8. 
Table 7.8: Stages of groundwater development 
Type of 
Area 
Non-
command 
area 
Gross 
groundwater 
draft 
(Mcum) 
253.2 
Net annual 
groundwater 
availability 
(Mcum) 
185.13 
Change in 
groundwater 
storage 
±AS 
(Mcum) 
-68.07 
Stage of 
Groundwater 
development 
(%) 
137% 
Category 
Over-
exploited 
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The results of groundwater budget show that change in groundwater storage in 
area is -68.07 Mourn. The deficit balance implies that groundwater in the area is 
excessively pumped. The stage of groundwater development is 137%. Thus, stage of 
groundwater development has reached to its maximum and area is categorized under 
critical/dark category. This, in turn, implies that or the decline ofiirther groundwater 
development in the area should be executed with care, caution and restraint. The 
unplanned and massive groundwater exploitation, as observed today, is creating 
multifarious problems in the study area. The high concentration of shallow tubewells 
used by farmers is mainly responsible for the decline of water table in the area. 
Excessive and indiscriminate pumping has resulted in generating two troughs in 
western and eastern parts. The water level is going deep and deeper and most of the 
dugwells have dried. 
As rainfall serves as a major recharge component, irregularity or delay in the 
monsoon also lead to the scarcity of groundwater in the area. It is recommended that a 
constant watch be kept on water levels in the dugwells and tube wells to check the 
overdrafting. 
The stage of groundwater development is considered as the index of balance 
between groundwater available and utilization. As the stage of development is more 
than 100%, it indicates that potential for future development is meager. However, the 
assessment based on the stage of groundwater development has inherent uncertainties. 
The uncertainties lie with the estimations of groundwater draft and gross groundwater 
recharge. Moreover, there are limitations in the assessment methodology and always 
some uncertainties in the data. 
7.13 LONG TERM WATER LEVEL TREND 
The long term groundwater level trend of the area must be correlated with the 
water balance results. The long term water level behavior of the groundwater regime 
has been studied for two permanent hydrograph stations i.e. Phusar and Daha. A 
perusal of Figure 7.3 shows long term declining trend in the study area which is in 
accordance with water balance results 
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7.14 INFERENCE 
The groundwater budget of the area shows that the total recharge is 185.13 Mourn and 
total discharge is 253.2 Mcum. Thus, the area is characterized by a change in 
groundwater storage by about -68 Mcum. The stage of groundwater development 
works out to be 137%, which put the area into over-exploited category. 
It is clear that the situation has reached an alarming stage which is likely to 
deteriorate flirther in the coming years. Future deterioration can be expected due to 
yearly increase of groundwater abstraction and uncontrolled pumping. It is therefore 
clear that strict control on groundwater abstraction needs to be introduced in order to 
manage the groundwater resources in the area. 
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CHAPTER 8 
GROUNDWATER 
VULNERABILITY 
ASSESSMENT 
GROUNDWATER VULNERABILITY ASSESSMENT 
8.1 GENERAL 
Vulnerability assessment to define areas critical for the maintenance of groundwater 
quality has been shown throughout the world to be an effective tool for establishing 
monitoring networks required for surveillance of potential pollution sites. The main 
objective of this study is therefore to integrate the impact of extensive agricultural 
land use activity carried on over long periods of time upon aquifer media with regard 
to groundwater vulnerability to pollution as a supplemental parameter to the 
traditional DRASTIC model (Secunda et al., 1998) ^ 
Groundwater vulnerability assessment is an important process for 
understanding the intrinsic fragility that a certain region opposes to a given threat, 
whether this hazard has a natural or anthropogenic origin. Frequently, the 
vulnerability assessments are carried out in areas with water resources under stress 
originated from industrial activities. Therefore, the vulnerability studies can provide 
valuable information for stakeholders working on preventing further deterioration of 
the environment (Mendoza et al., 2006). 
The assessment of groundwater vulnerability to pollution has proved to be an 
effective tool for the delineation of protection zones in areas affected by groundwater 
contamination due to the intensive fertilizer applications (Antonakos et al., 2007). The 
vulnerability of groundwater to pollution may be expressed as the sensitivity of its 
quality to anthropogenic activities (Bachmat et al., 1990). Bachmat and Collin 
stipulate that vulnerability assessment of water resources should aim at providing 
preliminary information and criteria for decision-making in such areas as: designation 
of land use controls, delineation of monitoring networks and management of water 
resources in the context of regional planning as related to protection of groundwater 
quality. 
Vulnerability assessment of groundwater, as used in many methods, is not a 
characteristic that can be directly measured in the field. It is an idea based on the 
fundamental concept "that some land areas are more vulnerable to groundwater 
contamination than others" (Vrba and Zaporozec, 1994). 
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Often, the groundwater contamination level is determined by the natural 
attenuation processes, occurring within the zone located between the pollution source 
and the aquifer. Various natural, physical processes, and chemical reactions that 
operate in the soil, unsaturated, and saturated zones, may cause the pollutant to 
change its physical state and chemical form. These changes may attenuate the degree 
of pollution or change the nature of the contamination (Gogu et al., 2000). 
Vulnerability mapping involves combining several thematic maps of selected 
physical resource factors into a groundwater vulnerability map that identifies different 
areas of the sensitivity of groundwater to natural and human impacts. The original 
concept of groundwater vulnerability was based on assumption that the physical 
environment may provide some degree of protection to groundwater with regard to 
contaminants entering the sub-surface. The earth materials may act as natural filter to 
screen out some contaminants. Water infiltrating at the land surface may be 
contaminated but is naturally purified to some degree as it percolates through the soil 
and other fine grained material in the unsaturated zone. 
In recent years, groundwater vulnerability assessment has become a very 
useful tool for the planning and decision making of groimdwater protection (Vias et 
al., 2005). The main value of vulnerability maps is that they can be used as an 
effective preliminary tool for the planning, policy and operational levels of the 
decision making process concerning groundwater management and protection. Firstly, 
vulnerability maps are valuable guides to planning and can help planners make 
informed, environmentally sound decisions regarding land use and protection of 
groundwater quality. Secondly, vulnerability maps can be used for the first cut 
screening of an area for regional planning, which would allow planners to direct 
emphasis to areas of highest priority (Vrba and Zeporozec, 1994). 
Maps of aquifer vulnerability to pollution are becoming more in demand 
because on the one hand groundwater represents the main source of drinking water, 
and on the other hand high concentrations of human/economic activities, e.g. 
industrial, agricultural, and household represent real or potential sources of 
groundwater contamination. There is a need to conduct studies on groundwater 
pollution (Rehman, 2008). The objective of this study is to find out the groundwater 
vulnerable zones in the study area, using the DRASTIC model. 
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8.2. DRASTIC MODEL 
DRASTIC is a groundwater quality model for evaluating the pollution potential of 
large areas using the hydrogeologic settings of the region (Aller et al., 1985, Aller et 
al., 1987, Deichert et al., 1992). This model was developed by EPA in the 1980's. 
DRASTIC includes various hydrogeologic settings which influence the pollution 
potential of a region. A hydrogeologic setting is defined as a mappable unit with 
common hydrogeologic characteristics. This model employs a numerical ranking 
system that assigns relative weights to various parameters that help in the evaluation 
of relative groundwater vulnerability to contamination. 
The assessment of groundwater vulnerability to pollution has been subject to 
intensive research during the past years and a variety of methods have been 
developed. The simplest to apply - and for that reason the most widely used - are the 
Rating Models. These methods classify each parameter, which potentially influences 
the probability of pollution of the aquifer, in a scale and lead to a score, which 
designates the vulnerability of the groundwater (LeGrand, 1964; Foster, 1987; US 
Environmental Protection Agency, 1993). An evolution of these methods is the Point 
Count System Models (PCSM) or Parameter Weighting and Rating Methods, which -
apart from classifying the various parameters - also introduce relative weight 
coefficients for each factor. The most widespread PCSM method of evaluation of the 
intrinsic vulnerability is the DRASTIC method (Aller et al., 1987). 
The groundwater is the major contributor for agriculture, domestic and 
industrial uses in the study area. The first group of aquifer which is mostly unconfined 
through out the study area is very potential for various contaminants through 
agriculture, industrial and domestic uses. Therefore a groundwater vulnerability map 
is prepared using modified DRASTIC approach (Aller et al., 1987). The parameters 
like Depth to water. Net recharge. Aquifer media, Soil media. Impact of vadose zone 
and Hydraulic conductivity of the aquifer were considered for 39 evenly spaced 
monitoring points. The topography is not accounted in the present study because it is 
mostly flat in nature and gradient is gentle. These factors have been arranged to form 
the acronym, DRASIC for ease of reference. This model employs a numerical ranking 
system that assigns relative weights to various parameters that help in the evaluation 
of relative groundwater vulnerability to contamination. The hydrogeologic settings 
which make up the acronym DRASIC are given below. 
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8.2.1 Depth to Water (D) 
The water table is the expression of the surface where all the pore spaces are 
filled with water below the ground level. The water table may be present in any type 
of media and may be either permanent or seasonal. In the present study the depth to 
water is used to delineate the depth to the top of the aquifer. 
The depth to water is important, primarily because it determines the depth of 
material through which a contaminant must travel before reaching the aquifer, and it 
may help to determine the amount of time during which contact with the surrounding 
media is maintained (Aller et al., 1987). In general, there is a greater chance for 
attenuation to occur as the depth to water increases because deeper water levels infer 
longer travel times. Areas with shallow water tables pose a greater chance for the 
contaminant to reach the groundwater surface as opposed to deep water tables if the 
overlying materials are the same. Generally, high water table does not allow 
contaminated infiltrating waters enough contact time with aquifer material for their 
associated attenuation process to be effective in removing contamination. The depth 
to water is also important because it provides the maximum opportunity for oxidation 
by atmospheric oxygen (Herlinger et al., 2007). Therefore, the depth to groundwater 
is assigned the maximum weight (5) in determining the vulnerability using DRASTIC 
method (Table 8.1). The depth to water table in the stuHy area ranges from 9.67-
29.38 m bgl during November 2007. The depth to water table is assigned ratings of 5, 
3 and 2. 
8.2.2 Net recharge (R) 
The primary source of groundwater is precipitation which infiltrates through 
the surface of the ground and percolates to water table. Net recharge is the amount of 
water per unit area of the soil which penetrates the ground surface and reaches the 
water table. This is the principal vehicle that transports the contaminant to the 
groundwater. The more the recharge, the greater the chances of the contaminant to be 
transported to the groundwater table. In areas where the aquifer is unconfined, 
recharge to aquifer usually occurs more readily and the pollution potential is generally 
greater than in areas with confined aquifers. This recharge water is thus available to 
transport a contaminant vertically to the water table and horizontally within the 
aquifer. (Aller et al., 1987). The net recharge in the study area is >254 mm and 
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assigned common rating of 9. The net recharge was assigned a weight "4" in the 
DRASTIC method. 
Table 8.1: Assigned weight for DRASTIC parameters (after Aller et al., 1987) 
Parameters 
Depth to water table (D) 
Net Recharge (R) 
Aquifer media (A) 
Soil media (S) 
Topography (T) 
Impact of Vadose Zone (I) 
Hydraulic Conductivity (C) 
LULC (L) 
Rating (R) 
2, 3, and 5 
9 
8 
5 and 6 
NA 
land 2 
4, 8, and 10 
8, 9, and 10 
Weight Scale (W) 
5 
4 
3 
2 
1 
5 
3 
5 
8.2.3 Aquifer media (A) 
It refers to the Consolidated or unconsolidated rock which serves as an aquifer. 
An aquifer is defined as a sub surface rock unit which will yield sufficient quantities 
of water for human use (Herlinger et al., 2007). The material of the aquifer determines 
the mobility of the contaminant through it. An increase in the time of travel of the 
pollutant through the aquifer results in more attenuation of the contaminant. 
The aquifer media exerts the major control over the route and path length 
which a contaminant must follow. The path length is an important control (along with 
hydraulic conductivity and gradient) in determining the time available for attenuation 
processes such as sorption, reactivity, dispersion and also the amount of effective 
surface area of materials contacted in the aquifer (Aller et al., 1987). 
In general, the larger the grain size and the more fractures or openings within 
the aquifer, the higher the permeability and the lower the attenuation capacity, 
consequently the greater the pollution potential. In the study area aquifer material is 
almost homogeneous which is sand mixed with gravel and assigned a uniform rating 
of 8. The recommended weight for aquifer media is 3. 
122 
8.2.4 Soil media (S) 
Soil media is the uppermost portion of the unsaturated /vadose zone 
characterized by significant biological activity. This along with the aquifer media will 
determine the amount of percolating water that reaches the groundwater surface. Soils 
with clays and silts have larger water holding capacity and thus increase the travel 
time of the contaminant through the root zone. Moreover, where the soil zone is fairly 
thick, the attenuation process of filtration, biodegradation, sorption, and volatilization 
may be quite significant. In general, the pollution potential of a soil is largely affected 
by the type of clay present and the grain size of the soil. The quantity of organic 
material present in the soil may also be an important factor. The study area is 
characterized by two types of soil viz. loam, and sandy loam which corresponds to a 
rating of 5, and 6. The parameter was assigned a weight '2' in the DRASTIC method. 
8.2.5 Impact of Vadose Zone (I) 
The unsaturated zone above the water table is referred to as the vadose zone. The 
texture of the vadose zone determines how long the contaminant will travel through it. 
The layer that most restricts the flow of water will be used. The media also control the 
path length and routing, thus affecting the time available for attenuation and the 
quantity of material encountered. The routing is strongly influenced by any fracturing 
present. The materials at the top of the vadose zone also exert an influence on soil 
development (Aller et al., 1987). 
In the present study impact of vadose zone parameter has been calculated by 
harmonic mean approach (Hussain et al., 2006) and it has been applied to calculate 
the exact rating values at each location. Aller et al rating is used in calculation. 
Following equation has been used for the above purpose. 
/ = N T 
Where, Ir = the weighted harmonic mean of the vadose zone 
T = total thickness of the vadose zone 
Tj = thickness of the layer i 
Irj = rating of layer i. 
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On the basis of the database of lithologs of bore wells were utilized for the 
calculation of thickness of layers in vadose zone. Based on geological description of 
the study area, vadose zone has been observed to consist of clay, silt, fine and loamy 
sand which is corresponding to the rating 1 and 2 (Hussain et al., 2006). This 
parameter was assigned a weight "5" in the DRASTIC method. 
It was observed that the characterization of vadose zone is significant due to 
presence of alternation between clay and fine sand generally, both possessing distinct 
hydrological character. Thickness of the top clay layer is persistent through out the 
area and it is determining the behavior of each location in terms susceptibility to 
contamination. 
8.2.6 Hydraulic Conductivity (C) 
Hydraulic conductivity refers to the ability of the aquifer materials to transmit 
water, which in turn, controls the rate at which groundwater will flow under a given 
hydraulic gradient. The rate at which the groundwater flows also controls the rate at 
which a contaminant will be moved away from the point at which it enters the aquifer. 
An aquifer with high conductivity is vulnerable to substantial contamination as a 
plume of contamination can move easily through the aquifer (Rehman, 2008) This is 
different from an aquifer media as an aquifer with an impermeable media can still 
conduct water in the presence of fractures (Fritch et al., 2000). Hydraulic conductivity 
is controlled by the amount and interconnection of void spaces within the aquifer 
which may occur as a consequence of factors such as intergranular porosity, 
fracturing and bedding planes. 
The highest range of hydraulic conductivity i.e.>10 m/day is assigned a rating 
of 10 given by Aller et al in 1987 but it is not fit in the present study, so it would not 
be considered. However, in the study area, the hydraulic conductivity values have 
been observed to range from 14.17 m/day to 54 m/day. Thus, the original range of 
Hydraulic Conductivity would not be sufficiently reflected variation of hydraulic 
conductivity and its impact while estimating the aquifer vulnerability. A new range of 
Hydraulic Conductivity proposed by Qinghai et al., (2007) in similar area is applied in 
the present study (Table 8.2). According to Qinghai et al., (2007) the assigned ratings 
are 4, 8, and 10. 
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Table 8.2: Hydraulic conductivity ranges and their rating (After Alter et al. 1987 
and Qinghai et al. 2007) 
Hydraulic conductivity (m/day) 
(Original range) 
0.005-0.5 
0.5-1.5 
1.5-3.5 
3.5-5.0 
5.0-10.0 
>10.0 
Hydraulic conductivity (m/day) 
(New range) 
0-5 
5-10 
10-15 
15-20 
20-25 
>25 
Rating 
1 
2 
4 
7 
8 
10 
8.2.7 Landuse Pattern 
Groundwater quality in the study area is being deteriorated due to ongoing 
industrial and sewage pollution. The land use pattern has strong bearing on 
groundwater quality. Therefore, land use pattern is included in vulnerability mapping. 
For the present study, analysis of groundwater, surface water and Trace elements and 
subsequent interpretation indicated that urban land use (industrial and sewage 
pollution) demonstrated maximum impact followed by rural (pesticides and 
fertilizers) land use. Similar study was conducted by Hussain et al., (2006), utilizing 
land use pattern in DRASTIC approach for vulnerability mapping. Based on these 
observations, qualitative ratings were proposed for the different types of land use 
categories. The assigned weight of this parameter is 5 and their corresponding ratings 
are 8, 9, and 10. Based on this, following ratings were used to categorize land use in 
the study area as given in Table 8.3. 
Table 8.3: Land use categories ratings 
Land use Category 
Urban and Industrial 
Rural and Industrial 
Rural and Agriculture 
Ratings 
10 
9 
8 
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The DRASIC Index (Appendix IV), a measure of the pollution potential, is 
computed by summation of the products of rating and weights for each factor as 
follows: 
DRASIC Index = D r D w + RrRw + A r A w + S r S w + I r I w + C r C w + LrLw 
Where 
Dr = Ratings to the depth to water table 
Dw = Weights assigned to the depth to water table. 
Rr = Ratings for ranges of aquifer recharge 
Rw = Weights for the aquifer recharge 
Ar = Ratings assigned to aquifer media 
Aw = Weights assigned to aquifer media 
Sr = Ratings for the soil media 
Sw = Weights for soil media 
Ir = Ratings assigned to vadose zone 
Iw = Weights assigned to vadose zone 
Cr = Ratings assigned of hydraulic conductivity 
Cw = Weights given to hydraulic conductivity 
Lr = Weights assigned of Land use 
Lw = Ratings assigned of Land use 
The vulnerability index range from 140 to 180 and it is classified into four 
categories i.e. <140-150, 150-160, 160-170 and 170-180 corresponding to low, 
moderate, high and very high vulnerability zones, respectively. 
Using this classification a groundwater vulnerability potential map was 
generated (Figure 8.1) which shows that 5% area falls in low vulnerable zone and 
39% fall in moderate vulnerable zone. About 33% of the study area falls in high 
vulnerable zones and 23% of the study area is characterized by very high vulnerability 
zone. A perusal of the vulnerability map (Figure 8.1) depicts a very high to high 
vulnerability zone along the Hindon River. 
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Figure- 8.1- Aquifer vulnerability map of the study area 
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Major portion of the study area comes under the moderate category. In the middle part 
there is a small patch showing low vulnerability zone. The area in the vicinity of 
Krishni River has got a high vulnerable zone but its middle part shows moderate 
vulnerability. The vulnerability increases towards both the rivers and therefore they 
are more susceptible to groundwater pollution. High to very high vulnerability zones 
are characterized by very high values of vulnerability index, and are attributed to high 
values of Hydraulic Conductivity and Water levels. 
The sites with high and very high categories are more vulnerable to 
contamination and consequently need to be managed more closely. The weights 
assigned are relative, therefore a site with a low pollution potential may still be 
susceptible to groundwater contamination but it is less susceptible to contamination 
compared to the sites with high ratings. 
Vulnerability maps are a good tool to make local and regional assessment of 
groundwater vulnerability potential, to identify areas susceptible to contamination, to 
design monitoring network, and to evaluate groundwater contamination, particularly 
non point contamination. Vulnerability maps also are helpful for educating and 
informing planners, managers, and descion- and policy- makers about groundwater 
protection, risk of contamination, and contamination prevention. The maps also can 
be used to educate the public about groundwater being a part of a larger, 
interconnected ecological system. 
8.3 INFERENCE 
The vulnerability map categorizes the area in low to very high vulnerability zones. 
Major portion of the study area comes under low to moderate categories with values 
of vulnerability index being <160. The vulnerability increases towards both the rivers 
and values of > 160 are encountered all along the course of Hindon and also along 
Krishni, except in its central stretch. It may be inferred therefore that areas lying in 
the vicinity of the two streams are more susceptible to groundwater pollution. 
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CHEMICAL CLASSIFICATION OF GROUNDWATERS AND 
CRITERIA FOR ITS UTILIZATION 
9.1 GENERAL 
Quality of groundwater is nearly as important as its quantity and it is essential for the 
survival of flora and fauna. The chemical, physical, and bacterial characteristics of 
groundwater determine its usefulness for various purposes. The study of groundwater 
quality data gives important clues to the geologic history of rocks the groundwater has 
interacted with and also provides indications pertaining to groundwater recharge, 
discharge, movement, and storage (Walton, 1970). 
Water quality in an area is a function of physical and chemical parameters that 
are greatly influenced by geological formations and anthropogenic activities 
(Subramani et al., 2005). Agricultural activities, population growth, rapid 
industrialization and unplanned urbanization in the Ganga Plain have resulted in 
various geo-environmental hazards causing deterioration of groundwater quality in 
many ways. Understanding the quality of groundwater is particularly important as it 
detemines the factors governing the suitability of water for drinking, domestic, 
agricultural and industrial purposes (Subramani et al., 2005). 
Intense agricultural and urban development has placed a high demand on 
groundwater resources in arid and semiarid regions and has also put all these 
resources at greater risk to contamination (Jalali, 2006; Jalali et al., 2008). Increased 
knowledge of geochemical processes that control groundwater chemical composition 
in arid and semi-arid regions could lead to improved understanding of hydrochemical 
systems in such areas. Such improved understanding can contribute to effective 
management and utilization of the groundwater resource by clarifying relations 
among groundwater quality, aquifer lithology, and recharge type. 
In India more than 80% of the population is dependent on groundwater as the 
only source of drinking water supply (Pawar et al., 1998). Irrigation, farming, and 
waste drainage have altered groundwater fluxes and flow patterns. Agricultural 
contaminant loads in recharging groundwater have resulted in well known societal 
problems related to drinking water quality and ecological effects of groundwater 
discharge to surface- water bodies (Hatim Elhatip et al., 2003). In addition. 
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agricultural contaminants have caused substantial changes in groundwater 
geochemistry and water- rock interactions controlling environment. These aspects 
have received some what less attention. The quality of alluvial groundwater in rural 
areas is sensitive to the contaminants originated from the agricultural chemicals, such 
as, fertilizers, pesticides (Kelly, 1997; Stigter et al., 1998; Kraft et al., 1999). 
Various classification schemes have been proposed for surface and 
groundwaters. The most commonly used classification by groundwater geologist is 
the Trilinear diagram. Among the trilinear methods of plotting. (Palmer, 1911; Hill, 
1940; Piper, 1944), Piper's diagram has been extensively used to understand problems 
about the geochemical evolution of groundwater. Other classification schemes include 
Durov and L-L diagram. Durov diagram is useful graphical tool for representing 
hydrochemical data. Durov diagram also permits the achievement of a more complete 
characterization of groundwater (Zaprozec, 1972). The L-L diagram given by 
Langelier and Ludwig (1942) is another important tool for understanding the 
significance of hydrogeochemical parameters. This good old diagram has often been 
preferred over the Piper's and Durov diagram as it is more convenient and provides 
significant information straightway. In the present study, the L-L diagram has been 
used to arrive at some major inferences. 
9.2 FACTORS AFFECTING GROUNDWATER COMPOSITION 
Inorganic constituents are classified as major constituents with concentration greater 
than 5 milligram per litre (mg/1), minor constituents with concentration ranging from 
0.01 to 10 mg/1 and trace element with concentrations less than 0.01 mg/1 (Davis and 
Dewist, 1966). 
Precipitation and infiltration process serve as an important factor of the overall 
chemical characteristics of the groundwater in an unconfined aquifer. The soil zone 
that supports plant life is one of the most important components in the study of 
groundwater chemistry. It is in the soil zone that water first enters and come in contact 
with inorganic and organic solids. 
Naturally occurring dissolved organic compounds are typically present in 
minor or trace quantities. By far the most abundant organic compounds in shallow 
groundwater are humic and fulvic acids. The important groundwater gases include 
oxygen, carbon dioxide, hydrogen sulfide and methane. Organic carbon in the soil 
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also affects the inorganic chemistry of groundwater because the oxidation of organic 
matter produces CO2 gas. Carbon-dioxide gas reacts with the water to produce 
carbonic acid and the other inorganic carbon species like bicarbonate and carbonate. 
The production of carbonic acid makes the water a more aggressive weathering 
solution and the increase in the level of anionic carbon species enhances ion 
complexation (Deutch, 1997). 
^2 + Organic Matter-> CO^ 
H2O + CO2 = HfO^ 
H-fO^ = H* + HCO; 
Rainwater and melted snow in non-urban, non-industrial area has pH values 
normally between 5 and 6. Because the water must be acidic, it is apparent that HCO3 
is the only ionic species of dissolved inorganic carbon present in a significant amount 
(Freeze and Cherry, 1979). 
The main sources of sulphate are the industries from where sulphur is spewed 
in to the atmosphere. Emission of sulphur into the atmosphere occurs mainly as 
particulate S and gaseous SO2. In the atmosphere this leads to increased concentration 
of H* and S04 '^ in rain water, as shown in following reactions 
S + 0-^S02(g) 
SO2 (g) + H2O + i O2 -> SO]- + 2H^ 
In conclusion, it can be stated that rain water is extremely dilute, slightly to moderate 
acidic oxidizing solutions that can quickly cause chemical alterations in soil or in 
geologic materials in to which it infiltrates (Freeze and Cherry, 1979). 
In general, the abundance of major cations and to some extent some of the 
anions depends on the water- rock interaction (Bartarya, 1993; Subba Rao, 2001). The 
water rock interaction itself depends on a number of parameters, such as: 
• Water to rock ratio 
• Duration of contact 
• Lithology and composition of interacting fluid 
• Aquifer and permeability related parameters 
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Water to rock ratio may be estimated in terms of mass or volume. It implies that how 
much of water has interacted with a given volume / mass of the rock. Very low water 
to rock ratio implies generation of fluids with high TDS, whereas high water to rock 
ratio generates relatively low TDS groundwaters. Duration of contact between water 
and rock is, similarly, important from the point of view of time available for the 
chemical transfer between the two phases, i.e. rock and water. Lithology of the area 
plays a significant role. For example, carbonates and sulphates are easily transferred 
to the liquid phase through dissolution. However, rocks, such as, quartzite and granite 
etc may be relatively resistant to chemical interaction with water. In the same way, 
weathered zones are more vulnerable to interaction with water compared to fresh 
rocks. Aquifer and permeability related conditions influence the water to rock ratio 
and duration of contact and thus control the groundwater composition. 
9.3 PHYSICAL AND CHEMICAL PROPERTIES OF GROUNDWATER 
The properties of groundwater of the area under study, in terms of parameters, such 
as, hardness, total dissolved solids, EC, pH, and sodium absorption ratio are given 
below. 
9.3.1 Hardness Hardness is one of the most important properties of water. Hardness 
of water is demonstrated most commonly by the amount of soap needed to produce 
suds. Hardness of water is mainly due to the presence of calcium and magnesium ions 
in the water. Other cations such as iron manganese, aluminum, zinc, strontium also 
react to the hardness but not significantly. The degree of hardness in water is 
commonly based on the classification given by Sawyer and Mc Carty, 1967 (Table 
9.1) 
Table 9.1: Hardness classification of water 
Hardness of 
CaCOs 
(mg/1) 
0-75 
75-150 
150-300 
>300 
Water Class 
Soft 
Moderately hard 
Hard 
Very hard 
Post- monsoon 
2005 
0 
2% (1 Samples) 
68% (30 Samples) 
30% (13 Samples) 
Pre- monsoon 
2006 
5% (3 Samples) 
45% (29 Samples) 
44% (28 Samples) 
6% (4 Samples) 
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In laboratories, hardness is measured in terms of total hardness as CaCOs. This 
does not mean that CO3" ion is necessarily present. Carbonate ions are generated only 
under high pH conditions (pH > 8.3) as a result of the dissociation of the HCO3" ion. 
The term total hardness as CaCOs in practice includes carbonates and bicarbonates 
Ca"^  and Mg" .^ 
In the area of study the hardness value varies from 136 to 673 mg/1. The 
average value is 280 mg/1. It was found that 13 samples are higher than desirable limit 
for drinking purposes of 300 mg/l during November 2005 field survey. The 
groundwaters, therefore, come under the category of moderately hard to very hard. 
During June 2006 field session, hardness ranges between 32-457 mg/l with an average 
value of 169 mg/l. Samples 34, 36, 36D and 38 shows the value above the desirable 
limit mentioned above. Thus during this time period groundwater falls under soft to 
very hard category. However, all the samples analysed are with in the permissible 
limit of drinking water standard (BIS 1991) except sample 13 (Nov 2005) is higher 
than maximum permissible limit of 600 mg/l. These observations are consistent with 
the field findings that water form these hand pumps does not give good froth with 
soap making washing of clothes difficult. Seventeen samples from different locations 
are particularly worst from this point of view and local people avoid it for drinking 
purposes and community uses. 
9.3.2 Total Dissolved solids 
The total dissolved solids comprise dissociated and undissociated substances 
but not suspended material, colloids or dissolved gases. The bulk of the total 
dissolved solids include bicarbonates, sulphates and chlorides of calcium, magnesium, 
sodium and silica. Potassium, chloride, nitrate and boron form a minor part of the 
total dissolved solids. The concentration of TDS is generally very low (20 ppm) in the 
high rainfall areas and high (> 100,000 ppm) in some desert brines (Karanth, 1987). 
The concentration of TDS in water is a general indication of its suitability for any 
particular use. A classification of water given by Freeze and Cherry 1979, based on 
TDS is shown in Table 9.2 
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Table 9.2: Classification of water based on TDS 
Category 
Fresh water 
Brackish water 
Saline water 
Brine water 
TDS (mg/I) 
0- 1,000 
1,000- 10,000 
10,000- 100,000 
> 100,000 
Post- monsoon 
2005 
57% (25 Samples) 
43% (19 Samples) 
0 
0 
Pre- monsoon 
2006 
72% (46 Samples) 
28% (18 Samples) 
0 
0 
In the area of study total dissolved solids (TDS) have been calculated by 
summing up all the major cations and anions (Table 2.1a and 2.1b). The values range 
from 429 to 1564 mg/1. Nineteen out of 44 samples have TDS value of >1000 mg/1. 
The average TDS value comes to 993 mg/1 during November 2005. TDS values of 
<500 mg/1 are generally considered to be good. Drinking water becomes significantly 
unpalatable at TDS value >1000 mg/1. The TDS values during June 2006 range 
between 513 and 1712 mg/1 with an average value of 896 mg/1. During this season 18 
groundwater samples have TDS value of > 1000 mg/1. The groundwaters of the area, 
therefore, are 'fresh water' in general, with some of the samples being on the 
periphery of brackish water. Ironically, however, even these hand pumps are in 
excessive use. 
Distribution of TDS values in the area is shown in Figure 9.1. Higher 
values of 1200 to 1550 mg/1 are confined to some portions along the right bank of 
river Hindon, in the vicinity of villages Sathu, Shikarpur, Mohammadpur Raisina, 
Budhana and Qutubpur. These are intervened by lower values of <1200 mg/1. 
Situation is different along the left bank of river Krishni. Although values of 1200 
to >1550 mg/1 are reported at Gagnoli, in general, lower values of >500 to 1200 
mg/1 are encountered along this river. Similar values are recorded in the southern 
part of the area, north of the confluence of the two rivers. Rest of the area is 
characterized by moderate TDS values of 850 to 1200 mg/1, the exception being 
Jaula and Rajpur Aterna. 
9.3.3 Electrical Conductivity The electrical conductance is the ability of the 
substance to conduct an electric current. The conductance of groundwater is a 
function of temperature, types of ions present, and concentration of various ions. 
Chemically pure water has a very low electrical conductance i.e. it is a good insulator. 
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Figure-9.1 Distribution of TDS 
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However, a very small amount of ionized mineral salt in solution renders the 
water conductive. The more the ions present, the greater will be the conductance of 
the solution. The term electrical conductivity defined as reciprocal of the electrical 
resistance of one cubic centimeter material at the standard temperature of 25°C (Mc 
Cutcheon et al., 1993). An increase of 1°C temperature increases the conductance by 
about 2%. The unit for electrical conductance is |iS/cm. 
The electrical conductivity with 400 fimhos/cm at 25° C is considered suitable 
for human consumption (WHO, 1984), while more than 1500 jimhos/cm at 25° C may 
cause corrosion of iron structures. 
Electrical conductivity of groundwater in the alluvium aquifer increases 
depending on the depth and groundwater flow direction (Mehmet Celik et al., 2006). 
On the basis of electrical conductance, groundwater can be classified as given 
by Sarma and Swamy, (1981). 
Table 9.3: Classification on the basis of EC 
Class 
Low Conductivity 
Medium 
Conductivity,Class I 
Medium 
Conductivity,Class II 
High Conductivity, 
Class III 
EC (fiS/cm 
at25°C) 
<500 
500-1000 
1000-3000 
>3000 
Post-monsoon 
2005 
82% (36 Samples) 
18% (8 Samples) 
0 
0 
Pre-monsoon 
2006 
94% (60 Samples) 
6% (4 Samples) 
0 
0 
In the study area. Electrical Conductivity values range between 200-900 
^S/cm, during Nov 2005. The EC values during June 2006 range between 300-800 
nS/cm. 
9.3.4 Hydrogen Ion Concentration (pH) The total Hydrogen ion concentration is 
not normally determined; instead the activity of the free, uncomplexed hydrogen ion 
is measured because of the reactivity of the hydrogen ion. Its activity in groundwater 
is an especially important parameter. The activity of hydrogen is measured as the pH 
of water, which is defined as 
pH = -logio (a* H) 
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a"^  H is the activity of the hydrogen ion (moles/kg). pH range from 6.5 to 8.3 is quite 
safe and water remains free from corrosive action, however, this change would have a 
major effect on solubility of minerals (Deutch, 1997). 
To avoid changes caused by escape of CO2 from the water, measurements of 
the pH of groundwater are normally made in the field after sample collection. Carbon 
dioxide in groundwater normally occurs at a much higher partial pressure than in the 
earth's atmosphere. When groundwater is exposed to the atmosphere, CO2 will escape 
and the pH will rise. 
The pH was measured at well site and it ranges between 6.8 and 8.5 and 6.9 
and 8.5 during November 2005 and June 2006, respectively (Table 2.1a and 2.1b). In 
few samples, pH increases during June 2006. The groundwater is neutral to slightly 
alkaline in nature. From the point of view of human consumption, all the samples may 
be considered fit, as they are neither acidic nor strongly alkaline. 
9.3.5 Major cations Sodium, K, Ca, and Mg were determined as the major cations 
(Table 2.1a and 2.1b) present in groundwaters of the area. The distribution of these 
major elements in two sets of samples is as follows: 
• In postmonsoon (November 2005) samples Na ranges from 17 to 322 mg/l, where 
as in pre monsoon (June 2006) samples the range of variation of Na is from 78 to 
378 mg/l. 
• In postmonsoon (November 2005) samples K ranges from 0 to 36 mg/l, where as 
in pre monsoon (June 2006) samples the range of variation of K is from 1 to 90 
mg/l. 
• In postmonsoon (November 2005) samples Ca ranges from 20 to 130 mg/l, where 
as in pre monsoon (June 2006) samples the range of variation of Ca is from 3 to 
40 mg/l. 
• In postmonsoon (November 2005) samples Mg ranges from 4 to 152 mg/l, where 
as in pre monsoon (June 2006) samples the range of variation of Mg is from 6 to 
103 mg/l. 
The distribution of the above mentioned cations is depicted in Fig 9.2a, b, c, and d. 
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9.3.6 Major anions The major anions present in groundwaters of the area are 
HCO3, CI, SO4, (Table 2.1a and 2.1b) and NO3 (Table 2.1c). In two sets of samples, 
i.e. pre and postmonsoon, these anions show the following distribution ranges. 
• Biocarbonate ranges from 156 to 975 mg/1 in November 2005 where as in June 
2006 its ranges from 245 to 858 mg/1. 
• Chloride ranges from 9 to 182 mg/1 and 6 to 369 mg/1 in November 2005 and June 
2006, respectively. 
• In postmonsoon samples (November 2005) SO4 ranges from 30 to 445 mg/I, 
where as in pre monsoon (June 2006) samples the range of variation of SO4 is 
from 44 to 378 mg/1. 
• Nitrate concentration ranges from 0 -168 in June 2007. It was not analysed earlier. 
There was no published data available on NO3 and therefore it was considered 
necessary to analyze NO3 in 64 samples collected in June, 2007 (Table 2.1c). 
The distribution of the major anions is given in Figures 9.3a. b, c, and d. 
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9.4 CLASSIFICATION OF GROUNDWATERS 
The groundwaters of the study area are classified on the basis of Piper's Trilinear and 
L-L diagram. 
9.4.1 Piper's Trilinear diagram 
The greatest utility of trilinear diagram lies in the screening a large number of 
water analysis for critical study. Therefore, progressive changes in the geochemical 
character of the large number of samples can best be studied by plotting selected 
constituents. The diagram consists of three distinct fields, two triangular fields and 
one diamond-shaped field. In the triangular fields, plotted separately, are the 
percentage epm values of cations and anions. Cations are plotted on the left and 
anions on the right triangle. The over all characteristics of water is represented in the 
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diamond shaped fields. Thus diagram is useful for visually describing differences in 
major ion chemistry in groundwater flow system (Freeze and Cherry, 1979). 
The hydrochemical facies were used to describe the bodies of groundwater in 
an aquifer that differ in its chemical composition. The facies are the function of 
lithology, solution kinetics and flow patterns of the aquifer (Back, 1966). 
Hydrochemical facies are distinct zones that have cation and anion concentrations 
describable within defined composition categories. The definition of a composition 
category is commonly based on subdivisions of the trilinear diagram in the manner 
suggested by Back,(1961) and Back and Hanshaw, (1965). 
The plots of chemical analysis on a trilinear diagram for both post monsoon 
2005 and pre monsoon 2006 time periods is given here (Fig 9.4a and 9.4b). In post 
monsoon the majority of samples belong to biocarbonate type and few samples are 
"No Dominant Type" in the anion facies. Among cations most of samples fall in 
sodium or potassium facies as well as "No Dominant and Ca-Mg facies". 
In pre monsoon 2006, the majority of samples show "Bicarbonate Type" as 
well as "No Dominant and Sulphate Facies" (HC03»S04). Among the cationic 
facies 97% of water samples fall into the class of "Alkali Type Facies" and only two 
samples plot in the "No Dominant Type". 
Comparision of chemical data on Piper's trilinear diagram shows that the 
samples falling in "No Dominant Type Facies" (Fig 9.4a) have temporally changed to 
Alkali Dominant Type Facies" (Fig 9.4b). Broadly, the groundwater in the study area 
belongs to Ca-Mg-biocarbonate and alkali-dominating mixed type on the diamond-
shaped field. 
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Figure- 9.4a Chemical facies of groundwater samples collected in November, 
2005, as reflected in Piper's diagram 
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Figure- 9.4b Chemical facies of groundwater samples collected in June, 
2006, as reflected in Piper's diagram 
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9.4.2 L-L diagram 
The classification of the groundwaters of the study area has been attempted on 
L-L diagram of both season separately (Fig 9.5a and 9.5b) given by Langelier and 
Ludwig (1942). Comparatively, the plot of post- monsoon samples shows more 
variations and scatters of points (Fig 9.5a) and therefore has been used for an 
identification of chemical types. In general, 4 different types of water have been 
discerened. 
I Ca-Mg-HC03 type 
II Ca-Mg- HCO3 dominating mixed type 
III Na-K-HC03type 
IV Mixed type 
The majority of the samples plot in Na-K-HCOs field (Type III). This is consistent 
with the majority of samples plotting in alkali-dominating mixed type field on the 
Trilinear plot (Figures 9.4a and 9.4b). 
The pre-monsoon distribution of sample plots on the L-L diagram is more 
compact. Two major populations are identified (Fig 9.5b) which correspond to types 
III and IV of the post- monsoon plot (Fig 9.5a). It appears that types I and II are 
somewhat transitional compositions which are identifiable only after the monsoon and 
with passage of time they tend to merge with type III field. This shifting of 
composition to the right basically implies addition of alkalis to the groundwater 
during relatively dry period during the course of the groundwater movement through 
water- rock interaction and/or anthropogenic influence. 
9.5 DRINKING WATER QUALITY CRITERIA 
The primary purpose of water analysis to determine the suitability of water for various 
specific uses; like domestic, irrigation and industry. Water quality analysis is an 
important issue in groundwater studies. Variation of groundwater quality in an area is 
a function of physical and chemical parameters that are greatly influenced by 
geological formations and anthropogenic activities (Sujatha and Rajeshwar Reddy, 
2003). The term water quality includes the combined physical chemical and 
biological characteristics and these characteristics are dominant factors in 
suitability of groundwater for any supply. However, it is not possible to have 
single criteria that can have universal application. 
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The water which is not suitable for drinking may be good for irrigation or water 
unsuitable for irrigation may be quite suitable for industrial purposes (Goel, 1997). 
Thus it can be seen that each use of water has its own limits on the degree of pollution 
it can accept. Every use of water requires a certain minimum quality of water with 
regard to the presence of dissolved and suspended materials of both chemical and 
biological nature. The minimum quality of water should ensure no harm to the user. 
In view of the direct consumption of water by human beings, the domestic water 
supply is considered to be most critical use of water. The water for this purpose 
should be chemically and biologically safe and be free from undesirable physical 
properties such as colour and turbidity and have no unpleasant taste or odour (Karanth 
1987). 
The Word Health Organization, (1984), Indian Standard drinking water 
specification (BIS, 1991) and Indian Council of Medical Research (ICMR) have laid 
down drinking water standards, which assure, in general, the protection of human 
health. 
Accordingly, the concentration of various major and trace elements in the 
groundwater samples of the study area are compared with the drinking water 
standards of W.H.O, (1994) and Indian Standard drinking water specification (BIS, 
1991) as summarised in Table 9.4. 
In the study area, the total dissolve solids (TDS) in majority of the samples are 
above the desirable limit of > 500 mg/1 in both seasons. The SO4" concentration of 11 
samples in November 2005 and 22 samples in June 2006 cross the maximum 
permissible limit of drinking standards (BIS 1991). The high intake of SO4' may resuh 
in gastrointestinal irritation and respiratory problems to the human system 
(Subramani, et al., 2005; Maiti, 1982; Subba Rao, 1993). 
Two samples out of 64 samples have NO3 more than highest desirable limit 
i.e. >45 mg/1. Sample No. 25D with concentration of 168 mg/1, exceeds the maximum 
permissible limit i.e. > 100 mg/1 (BIS 1991). Execessive nitrate in drinking water can 
cause a number of health disorders, such as methemoglobinemia, gastric cancer, 
goiter, birth malformations and hypertension (Majumdar and Gupta, 2000). In general 
shallow aquifers have more concentration of nitrate incomparision to deeper aquifer. 
The water from the deep aquifer is relatively safe as the pollutants in the groundwater 
tend to reduced in concentration with time and distance traveled. 
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In the study area in the majority of samples from deeper aquifer, in general, the TDS 
and other ions concentration decrease with depth. 
9.6 IRRIGATION WATER QUALITY 
The total dissolved content measured in terms of specific electrical conductance gives 
the salinity hazard of irrigation water. The electrical conductivity is a measure of 
salinity hazard to crop as it reflects the TDS in the groundwater. Parameters such as 
sodium absorption ratio (SAR) and residual sodium carbonate (RSC) were estimated 
to assess the suitability of groundwater for irrigation. The salt present in the water, 
besides affecting the growth of plants directly also affects soil structure permeability 
and aeration, which indirectly affect plant growth (Mohan et al., 2000, Umar et al., 
2000). 
9.6.1 Sodium Adsorption Ratio (SAR) 
The interpretation of water quality suitable for the irrigation purposes are 
given by the Richard (1954) in the form of EC versus SAR values. Electrical 
Conductivity (E.C.) has been treated as index of salinity hazards and sodium 
adsorption (SAR) as index of sodium hazards. The sodium adsorption ratio is 
calculated from the ionic concentration (in meq) of sodium, calcium and magnesium 
according to following relationship (Karanth,1987) 
SAR= ^ " 
Ca + Mg 
Sodium adsorption ratios have been related to the overall alkali hazard of 
irrigated water. A soil high in exchangeable sodium is very undesirable for 
agriculture because it can become deflocculated and tends to have a relatively 
impermeable crust. This condition is promoted by waters of high SAR and is 
reversed by waters containing a high proportion of calcium and magnesium (Hem, 
1959). Soil amendments such as gypsum or lime may correct the situation. 
The SAR values of the groundwater samples of the area are given in Table2.2a 
and 2.2b. The data has been plotted in (Fig 9.6a and 9.6b) to observe the suitability of 
water for irrigation purposes. The SAR value ranges from 0.56 to 11.07 with an 
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Figure- 9.6a Plots of SAR Vs E.G. (November 2005) 
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average value of 4.58 in the samples collected during November 2005 (Table 2.2a). 
The possibility of sodium hazard may be high in the area. High SAR (i.e.>10) is 
observed in two samples. The data has been plotted in (Fig.9.6a) to observe the 
suitability of water for irrigation purposes. The figure reveals that 68% samples fall in 
C2S1, 16% in CiSi, 7% in C2S2 and C3S1, and 2% samples fall in C3S2 respectively 
Except four samples i.e. 21, 15, 26 and 3, all the remaining samples fall in good to 
excellent class. If SAR values are greater than 6-9, the irrigation water will cause 
permeability problems on shrinking and swelling types of clayey soils (Saleh et al., 
1999). 
During June 2006 field session the SAR values ranges from 2.79-29.13 (Table 
2.2b), average value being 7.21. Therefore the possibility of Sodium hazard may be 
high in the area. High SAR, i.e. >10, is reported in U out of 64 samples. From this 
point of view, these 11 samples may not be considered ideal for irrigation purposes. It 
is to be noted, however, that these 11 samples are from hand pumps and are not used 
for irrigation anyway. 
Groundwaters from deeper sources have relatively low SAR values and pose 
only low intensity salinization hazard. Figure 9.6b reveals that most of the water 
samples fall in C2S1 (moderate salinity and low sodium water), and C2S2 (moderate 
salinity and moderate sodium water) class.. Only one sample, i.e. 21, falls in C3S2 
(high salinity and moderate sodium water) class. Except this samples, all the samples 
fall in good to excellent class. The quality classification for irrigation water is given 
below in Table 9.5 (USSL 1954). 
Table 9.5: Quality Classification of Irrigation water (after USSL 1954) 
Water 
Excellent 
Good 
Fair 
Poor 
Salinity Hazard E.C 
(Micromlios/cm at 25" C) 
<250 
250-750 
750- 2250 
>2250 
Alkali 
SAR 
<10 
10-18 
18-26 
>26 
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9.6.2 Residual Sodium Carbonate (RSC) 
Eaton (1957) suggested that the excess sum of carbonate and bicarbonate in 
groundwater over the sum of calcium and magnesium also influences the suitability of 
groundwater for irrigation. This is denoted as residual sodium carbonate (RSC), 
which is calculated as follows (Ragunath, 1987) 
RSC = {CO;- + HCO;-) - {Ca** +Mg^*) 
Where the concentrations are reported in meq/1. Water with RSC below 1.25 is good, 
1.25-2.5 is marginal and above 2.5 is not suitable for irrigation purposes. The 
classification of irrigation water according to the RSC value is presented in Table 9.6. 
Table 9.6: Quality of groundwater based on residual sodium carbonate 
RSC (meq/1) 
<1.25 
1.25-2.5 
>2.5 
Remark on quality 
Good 
Doubtful 
Unsuitable 
Post- monsoon 2005 
Representing 
samples 
12 
4 
28 
Pre- monsoon 2006 
Representing 
samples 
13 
9 
42 
If RSC > 2.5, irrigation water may cause formation of salt peter (KNO3), locally 
icnown as Reh 
The value of residual sodium carbonate have been calculated (Table 2.2a and 
2.2b) and compared with above classification which reveals that the values of 35% 
sample are with in the limits of suitability, values of remaining samples are found 
above the limits. In general, the water from shallow aquifer is not fit for agricultural 
purposes. 
9.7 SURFACE WATER QUALITY AND INTERACTION WITH 
GROUNDWATER 
Six surface water samples from rivers Krishni and Hindon (Fig.2.1) were analysed to 
assess their relationship with the groundwater regime (Table 9.7). The samples from 
Krishni river show very high concentrations of HCOs', 804', Ca"^ , Mg"*", Na"^  and K"^ . The 
TDS and EC values consequently are higher (Table 9.7). 
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As discussed in a previous Chapter, river Krishni is influent in nature almost 
throughout its course. On the other hand, it is a highly polluted river due to discharges 
that it receives of sugar factories effluents. The extent to which it is polluted is 
manifested by its chemistry given above (Table 9.7). This clearly means that, at least, 
part of the total dissolved solids in the groundwater samples, particularly those 
collected from close to the rivers, are derived from the river itself. 
Two samples from Hindon show high TDS of > 1000 mg/l. In these samples, 
bicarbonate is the most abundant ion. Other ions are, in general, with in permissible 
limit. The pH of the samples shows that waters are slightly alkaline in nature. For 
agricultural purpose this water is good and falls in C2S1 class (moderate salinity and 
low sodium). Based on RSC values these samples are under "doubtful" category. 
As depicted in Figure 9.1, TDS values tend to be higher in patches along both 
rivers Krishni and Hindon. This is a phenomenon, seemingly, related to the 
interaction between rivers and groundwater aquifers. 
9.8 INDUSTRIAL USES AND ITS EFFLUENT 
Quality requirements of water, used in difference industrial purposes vary widely, and 
it is not possible to list general criteria for all industries. Herman and Bouwer (1978) 
have also mentioned that industrial water use is quite diverse and water quality 
requirements vary greatly for different industries. 
The quality of water required by the pharmaceutical industry is of the highest 
order while the mining industry demands low quality water (Karanth, 1987). 
Similarly, the make-up water for high pressure boiler should be ultra-pure while the 
cooling of condensers can be achieved by low quality water, such as sea water 
(Walton, 1970). 
The municipal supplies are generally good enough to satisfy the quality 
requirements of most industrial water with the exception of those used in boiler. 
About 60% of the water used by industry must be treated to meet quality standards 
(Fairbank et al., 1971). 
Hardness of water is an important factor in determination of water quality for 
industrial purposes. Accordingly the groundwater quality of the study area after 
preliminary treatments for hardness is considered suitable for industrial purposes. 
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9.8.1 Analysis of Effluent of Sugar Mill 
Field survey reveals that a number of sugar mills and paper factories are 
discharging their effluent in to the river Krishni and Hindon in the upper reaches of 
the study area. A sugar factory is a seasonal industry. The schedule of operation varies 
from year to year depending on the occurrence of monsoon and availaibility of 
sugarcane. Hence the source of groundwater pollution flows only for the period of 
operation of the sugar factory. Two sample were collected from the Shamli Sugar 
mill. Out of these two, one is effluent water and the other is partially treated sample 
i.e. lagoon water (in the terminology used in sugar industry). The major elements 
analysis is given in Table 9.8 and trace elements analysis in Table 9.9. The 
groundwater samples from the vicinity of Krishni River show higher concentration of 
HCOs', S04' and Na^ 
The higher concentration of ions as given above is attributed to the seepage 
from drains and discharging of the industrial effluent to Krishni River. Pollutants 
enter in to the shallow aquifer through downward percolation. Discharge from paper 
mill adjacent to area, flows through the unlined drain and joins Krishni River 
Effluent water shows higher concentration of HCO3, SO4, NO3, Na, K, and Ca. In 
partially treated (lagoon water) the concentrations of anion is much higher. Even CO3 
is present with concentration of 445 mg/1. The presence of CO3 is an interesting 
feature and is related to high pH value of 9 causing dissociation of bicarbonate. 
During treatment of effluent water, phosphoric acid, urea and cowdung are 
added in the initial stages. The chemical effect of these additions could not be 
demonstrated as phosphate and organic compounds have not been analysed during the 
present study. 
The source of different ionic species in the discharge from sugar and paper 
mills needs to be understood to get an idea about the cause of pollution in the two 
rivers and eventually in the groundwater. For the first stage refining of sugar cane 
juice, sulphur-di-oxide gas is passed through it after passing through a container full 
of lime. Sulphur-di-oxide is generated by burning native sulphur in the presence of 
oxygen. It is passed through lime for making it dry through absoption of H2O in the 
lime-container. The juice produces froth with SO2 which is separated and discarded. 
This brown coloured precipitate is the major source of sulphate in surface and 
groundwater. 
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The lime used for drying SO2 converts to Ca(0H)2 after absorbing H2O vapour. 
This becomes an additional source of Ca in the river water. For increasing the pH of the 
lagoon water, at some stage of the treatment, NaOH is added. This causes dissociation of 
bicarbonate to generate carbonate at pH of >8.4. 
Chemical reactions at different stages of treatment of the effluent and then after 
its discharge in the river cause different environments, such as, low pH and high pH 
conditions, which eventually result in a relative increase in the abundance of anions in 
rivers. A detailed discussion on these aspects is, however, outside the scope of this thesis. 
On the basis of chemical analysis of groundwater samples there are ample 
evidence that sugar mill effluent is a source of pollution of groimdwaters, if not in the 
entire area then definitely in the vicinity of the sugar mills and particularly in samples 
collected from close to the banks. Very high sulphate values of up to >200 mg/1 are 
definitely related to the sugar industry in the area. 
Water quality management is an issue that must be given top priority by the local 
authorities as well as the management of sugar factories in the area, ft needs to be 
mentioned in this context that Pawar et al., (1998) give following recommendation for the 
protection of groundwater in areas characterized by the presence of sugar industries: 
(a) Lining the stream course used for waste disposal and waterproofing the base of 
the lagoon (i.e., effluent storage ponds) and the stream bed to prevent infiltration 
of the effluent. 
(b) Treating the effluent to meet the standards established by Indian Standards 
Institution for releasing the waste into the stream. 
(c) Launching public-awareness programs and convincing the authorities to 
undertake groundwater protection measures. 
9.9 INFERENCES 
The TDS values range from 429 to 1712 mg/1, with the average values being 800 to 1000 
mg/1. The groundwaters of the area, therefore, are freshwater in general. 
156 
On the basis of L-L diagram, Ca-Mg-HCOs, Ca-Mg-HCOa dominating mixed 
type, Na-K-HCOa type and mixed type waters have been discerned. The majority of the 
samples, however, plot in Na-K-HCOa field. This classification is consistent with that on 
Piper's Diagram. 
For drinking purpose majority of samples are fit for human consumption. The 
water from the deep aquifer is relatively safe as the pollutants in the groundwater tend to 
reduce in concentration with time and distance traveled. 
The SAR value ranges from 0.56 to 29.13. The majority of the samples fall in 
good to excellent class. On the basis of residual sodium carbonate (RSC), 35% samples 
are with in the limits prescribed. Values of the remaining samples are found above the 
limits. In general, the water from shallow aquifer is not fit for agricultural purposes. 
There are clear indications that rivers Krishni and Hindon are polluted mainly by 
the discharges from sugar and other industries in the area. There is convincing evidence 
that the bulk of TDS content of groundwater samples is derived mainly from the two 
rivers due to their influent nature. This is true, in particular, for sulphate. 
157 
CHAPTER 10 
HYDROGEOCHEMICAL 
CHARACTERISTICS AND 
CHEMICAL ALTERATION 
TRENDS 
HYDROGEOCHEMICAL CHARACTERISTICS AND 
CHEMICAL ALTERATION TRENDS 
10.1 GENERAL 
Each groundwater system has its own characteristic chemical signatures produced as a 
result of chemical alteration of the meteoric water recharging the system (Back 1966; 
Drever 1982). The chemical composition of the meteoric water varies within wide 
limits (Faure, 1998). However, in most of the inland areas of the Indian sub-continent, 
it is of the Ca-Mg-HCOa to Ca-Na-HCOs type (Bartarya 1993; Datta and Tyagi 1996; 
Bhatt and Saklani 1996). The chemical alteration of the meteoric water, on the other 
hand, depends on several factors, such as interaction with solid phases, residence time 
of groundwater, mixing of groundwater with pockets of saline water, and 
anthropogenic impacts (Stallard and Edmond 1983; Dethier 1998; Faure 1998; Subba 
Rao 2001, Umar and Absar, 2003). The study of a relatively large population of 
samples from a given area offers clues to various possible trends of chemical 
alteration which the meteoric water undergoes before acquiring distinct chemical 
characteristics and attaining a chemical steady state in the aquifer. These identified 
trends, in turn, may be related to natural and anthropogenic causative factors. 
Broadly speaking, the intake of major and minor cations is related to solid-
water interaction (Bartarya 1993; Subba Rao 2001). Such a direct relationship 
between lithology and relative abundances of cations is easily discernible in hard-rock 
areas (Faure, 1998), for example, in carbonate rock terrain Ca+Mg > Na+K, where as 
reverse is the case in areas with arenaceous and crystalline lithologies. In dealing with 
a groundwater system in alluvium-covered areas, on the other hand, straight forward 
clues may not be as simple due to the masking of normal chemical alteration trends by 
anthropogenic influences. 
Addition of anions to groundwaters may be through various sources. 
Dissolution of carbonates and reaction of silicates with carbonic acid account for the 
addition of HCO3 to the groundwater, and oxidation of sulphides may be a source of 
SO4 (Subba Rao, 2001). Chloride, although present in very low concentrations in a 
crystalline terrain, may be available for circulating groundwater. The bulk of CI, 
however, is derived by groundwater from residues in soils (Karanth, 1987). 
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The character of groundwater in different aquifers over space and time has 
proved to be an important technique in solving different geochemical problems (e.g., 
Chebotarev 1955; Hem 1959; Back et al., 1965; Gibbs 1970; Srinivasamoorthy 2005, 
Srinivasamoorthy et al., 2008). A number of studies on groundwater quality with 
respect to drinking and irrigation purposes have been carried out in the different parts 
of the country (Subba Rao, 2006). 
Keeping this in view, the present work deals with hydrogeochemical studies 
carried out in parts of the Krishni-Hindon interstream region of Western Uttar 
Pradesh. 
10.2 SALIENT FEATURE OF MAJOR ION CHEMISTRY 
Some salient features of the major ions chemistry of groundwaters from Krishnii-
Hindon interstream falling under the western part of U.P. are being enumerated 
below. These features are evident through a critical evaluation of the chemical data 
(Table2.1a, b, andc). 
1. The area has high total dissolved solids (TDS) values, which range from 429 
to 1564 mg/1 with an average value of 993 mg/1 during November 2005. 
2. The TDS concentration during June 2006 ranges between 513 and 1712 mg/1, 
averaging 896 mg/1. All the samples have TDS values higher than the 
desirable limit (for drinking purpose) of 500 mg/1. 
3. Groundwaters are neutral to slightly alkaline in nature, with a pH of 6.8 to 8.5 
and 6.9 to 8.5 during November 2005 and June 2006, respectively. 
4. Hardness values vary from 136 to 673 mg/1 (average value 280 mg/1) and 32 to 
457 mg/1 (average value 169 mg/1) during November 2005 and June 2006, 
respectively. Groundwaters, therefore, vary from soft to very hard. 
5. Sulphate content varies from 30 to 445 mg/I, averaging 141 mg/1 in November 
2005 and 44 to 378 mg/1 with average value of 172 mg/1 during June 2006. 
Eleven and 22 samples collected during November 2005 and June 2006, 
respectively, are beyond the highest desirable level of > 200 mg/1 in drinking 
quality water (BIS 1991). The sulphate values of >200 mg/1 may be 
considered anomalous. In general, value of SO4' is more in shallow aquifers 
samples in comparison to deeper aquifer. This may indicates that the shallow 
aquifer is deteriorated by anthropogenic activities 
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6. The CI' values are relatively low, averaging 51 in November 2005 and 46 in 
June 2006. The range of its variation is though very large from 9 to 182 mg/1 
and 6 to 369 mg/1 during November 2005 and June 2006, respectively. 
Anomalously high chloride value of 369 is reported only in sample no 34 in 
June 2006. Most of the groundwater samples from deeper aquifer show low 
values of chloride. 
7. Bicarbonate ranges between 156 to 975 mg/1 and 245 to 858 mg/1, averaging 
536 mg/1 and 428 mg/1, during November 2005 and June 2006, respectively. 
These values show relative consistency. 
8. The NOj' analyses were carried out for June 2007 sample only and these 
concentrations range between zero and 168 mg/1. 
9. In two samples the concentration of NO3' is more than the highest desirable 
limit. A maximum value of 168 mg/1 of NO3' is recorded in sample 25D 
representing Bamawa village. This value exceeds the permissible limit of 
drinking water standard (BIS 1991). 
10. Alkali ions too show large variations in their abundances. Sodium varies from 
17 to 322 mg/1 in November 2005 and 78 to 378 mg/1 in June 2006. Sixteen 
samples in November 2005 and 24 samples in June 2006 have rather 
anomalously high Na"^  values of > 200 mg/1. Potassium is found in low 
concentration in groundwater since rocks which contain K are relatively 
resistant to weathering (Golditch, 1938). However, K-salts are widely used in 
fertilizers and enter groundwater from agricultural land. Potassium values 
show a range of 0 to 36 and 1 to 90 mg/1 during November 2005 and June 
2006, respectively. Anomalously high values of > 20 mg/1 are reported in five 
samples in November 2005 and only two samples in June 2006. The highest K 
value of 90 mg/1 is associated with a Na value of 323 mg/1 in sample 21 during 
June 2006. 
11. Calcium values range between 20 to 130 mg/1 and 3 to 40 mg/1 during 
November 2005 and June 2006, respectively. Ten samples have anomalous Ca 
values of > 75 mg/1 in November 2005. In most of the samples, however, Ca 
values are relatively consistent. As far as Mg values are concerned, the values 
range from 4 to 152 mg/1, averaging 34 mg/1 in November 2005 and 6 to 103 
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mg/1 with average value of 34 mg/1 in June 2006. As with Ca values, Mg 
concentration in most samples also show consistency. 
12. Alkalis are the dominant cationic species when compared to Ca"^  and Mg"^ . 
This statement holds good for both pre monsoon and post monsoon set of 
samples. 
13. The HCO3' is the most dominating anionic species in the groundwaters of the 
study area. Only 20 samples have concentration of S04' together with CI' 
equal to that of HCO3". This statement holds good for both pre monsoon and 
post monsoon samples. 
10.3 RELATIVE ABUNDANCE OF MAJOR IONS 
In order to evaluate the relative abundances of major cations and anions various X-Y 
plots have been prepared. As seen in (Fig. 10.1) alkalis are more abundant than 
Ca+Mg. This feature is also seen on the L-L diagram (Fig 9.5a and 9.5b). However, 
samples from June 2006 season show concentration on higher side which indicate 
temporal enrichment of Na+K. A noteworthy point emerging from this plot is that 
except for sample no 38, all the samples collected in June 2006 plot above equal 
concentration line. The majority of samples from deeper locations show relatively less 
concentration of alkalis and Ca+Mg in both the seasons. Samples of November 2005 
tend to plot closer to 1:1 line in comparison to samples of June 2006. The majority of 
samples of both the seasons have overwhelming abundance of alkalis. It is only in 
November, 2005, i.e. that some, precisely speaking 16, samples have Ca+Mg>Na+K. 
Based on relative abundances of the major anions, HCO3 and CI (Fig. 10.2), 
groundwater of the area is Indicated to be of three types. Four samples of June 2006, 
i.e. 26, 35, 36 and 36D, plot on HCO3 = CI line. Only sample no 34 (June 2006) 
depict abundance of chloride over bicarbonate (OHCO3). The remaining samples of 
both the season have overwhelming abundance of HCO3 (HCO3 » CI). Thus, 
temporal variations are indicated in both bicarbonate and chloride, though not 
substantial 
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Relative abundances of CI and SO4 are shown in (Fig. 10.3). The feature that 
emerges from the plot is that except for a very small number of samples, SO4 is far 
more abundant than CI. This chemical attribute, i.e. SO4 » CI may be taken as a 
characterstic feature of groundwaters of the area. 
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10.4 CHEMICAL CHARACTERSTICS OF GROUNDWATER 
HCO3 - Cl+SO 4 plots (Fig. 10.4) clearly shows that bicarbonate is the most 
abundant anionic species (HCO3 » Cl+SO 4) in both the seasons. Very few samples 
fall near 1:1 line that represents HC03 « CI+ SO4 
To assess bonding affinities of Na+K and CI, their equivalent concentrations 
have been plotted against one other (Fig. 10.5). It is seen that all the samples of both 
the seasons plot above the equal concentration line. Slight changes in concentration 
levels are recorded in pre and post monsoon samples. As CI would normally tend to 
be associated with alkalis, rather than Ca and Mg, it may be inferred that CI has been 
consumed in forming alkali chlorides. 
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This further implies that alkalis would be available in plenty to get associated with 
HCO3 and SO4. It is therefore logical to expect that aqueous species, such as, alkali 
bicarbonates and alkali sulphates may also exist. 
Significantly, HCOs-enriched groundwater samples with HCO3 
concentration of 5 or more meq/1 give evidence of having excess alkalis which 
may be available for bonding with anions other than CI (Figures 10.2, 10.4 and 
10.5). This group of samples may therefore have Na-HCOs as one of the aqueous 
species. 
The natural bonding affinity between Ca+Mg and HCO3 is evaluated in 
Figure 10.6. The fact which readily emerges out from the figure is that about 80% 
of the samples show excess of HCO3 (dominance of HCO3 over Ca+Mg). The 
excess HCO3 would be tied up with excess of Na+K as clearly shown in Figure 
10.5. Samples with Ca+Mg>HC03, in all likelihood, may have a tendency to have 
a bond between Ca+Mg and SO4 in samples characterized by excess of SO4 (Fig 
10.4). Therefore some uncommon species like Na- HCO3 and Ca-Mg-S04 may be 
present in the groundwaters of the study area. 
Relative abundance of SO4 in groundwater of the area necessitates 
plotting equivalent alkalis concentration against SO4 (Figure 10.7). Few samples, 
mainly in November 2005, plot close to the equal concentration line, implying the 
possibilities of the existence of aqueous species, such as, Na-S04. Remaining 
samples of both the season show overwhelming abundance of alkalis over SO4 
(Na+K»S04). This implies that alkalis - SO4 species may only be trivial in 
significance. 
It is evident from preceding discussion that all the major aqueous species 
such as, Na-Cl, K-Cl, Na-HC03, Na-S04, Ca-HC03, Mg-HCOs, Ca-S04 and Mg-
SO4 are likely to be present in groundwaters of the study area. 
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10.5 TRACE ELEMENTS DISTRffiUTION IN GROUNDWATER 
Trace elements in groundwater are defined as chemical elements dissolved in water in 
minute quantities, always or almost always, in concentration less than 1 
milligram/litre (USGS, 1993). Many of the trace elements are also known as heavy 
metals. Essential trace elements are required by man in amounts ranging from 50 
micrograms to 18 milligrams per day. Acting as catalytic or structural components of 
larger molecules, they have specific functions and are indispensable for life. 
Some metals present in trace concentration are important for physiological 
functions of living tissue and regulate many biochemical processes. The same metals, 
however, at increased concentration may have severe toxicological effects on human 
being (Chapman 1992). At the same time the deficiency of trace elements are also 
harmful. Domestic and industrial waste-water and agricultural activities are also 
responsible for the higher concentration of heavy metals in the groundwater. Trace 
metals can be toxic and even lethal to humans even at relatively low concentrations 
because of their tendency to accumulate in the body (Domenico 1998). 
A characteristic feature of most trace metals in water is their tendency to form 
hydrolyzed species and to form complexed species by combining with inorganic 
anions such as HCO3', COa '^, SOA^', CI , F" and NOs'. In groundwater environments 
contaminated with dissolved organic compounds, organic complexes may also be 
important (Freeze and Cherry 1979). 
Trace element studies of groundwater have attracted the attention for a variety 
of reasons (Gibbs, 1977), such as: 
(I) Their significance related to public health problems 
(II) Their need in plant growth 
(III) Academic interest to understand the mechanism of metal transport in aqueous 
environment 
A set of 13 trace metals comprising Cu, Zn, Ni, Fe, Mn, Co, Cr, Se, Cd, As, 
B, Ag and Pb were analysed in 18 groundwater samples collected from study area. 
The trace metals for analysis were chosen for analysis keeping in view their impact on 
human health. The concentrations of various trace elements are given in Table 10.1. 
Comparisons of the data obtained are made with WHO 1994 and BIS 1991 drinking 
water standards (Table 9.4). 
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Copper (Cu): Copper is an essential element in human metabolism and is considered 
to be non-toxic up to 0.05 mg/1 concentration in drinking water (BIS 1991, WHO 
1993). Copper levels in drinking-water are usually low at only a few micrograms per 
litre, but copper plumbing may result in greatly increased concentrations. 
Concentrations can reach several milligrams per litre following a period of stagnation 
in pipes. 
The intake of copper from food is normally 1-3 mg/day. In adults, the 
absorption and retention rates of copper depend on the daily intake; as a consequence, 
copper overload is unlikely. Acute gastric irritation may be observed in some 
individuals at concentrations in drinking water above 3 mg/litre. The greatest danger 
of toxicity arises when children consume acidic beverages that have been in contact 
with copper container. However, few patients with Wilson's disease (hepatolenticular 
degeneration) were adversely affected by the estimated average intake of copper 
(Schienberg and Strenleib 1965). The Cu concentrations in the study area range 
between 0.027-0.132 mg/1 and thus all samples are well with in the maximum 
permissible limit of 1.5 mg/l for Cu. 
Zinc (Zn): Zinc is an essential trace element found in virtually all food and potable 
water in the form of salts or organic complexes. Zinc is an essential and beneficial 
element in human metabolism. The diet is normally the principal source of zinc. 
Although levels of zinc in surface and ground water normally do not exceed 0.01 and 
0.05 mg/litre, respectively, concentrations in tapwater can be much higher as a result 
of dissolution of zinc from pipes (APHA 1992). 
The daily requirement of pre-school aged children is 0.3 mg Zn/kg of body 
weight. The daily adult human intake average is 0-15 mg/kg. Zinc deficiency leads to 
dwarfism, dermatitis and loss in taste. Water containing zinc at concentration in 
excess of 5 mg/1 has an undesirable astringent taste and may develop a greasy film on 
boiling (WHO 1993). The concentration of Zn in the potable water should not exceed 
the range 5-15 mg/1. The Zn concentration in the study area ranges from 0.106 to 3.99 
mg/1. The observed zinc values are up to an order of magnitude lower than its highest 
desirable limit of 5 mg/1. The groundwaters therefore are clearly Zn-deficient. 
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Nickel (Ni): The concentration of nickel in drinking-water is normally less than 0.02 
mg/litre. Nickel released from taps and fittings may contribute up to 1 mg/litre. In 
special cases of release from natural or industrial nickel deposits in the ground, the 
nickel concentration in drinking-water may be even higher. The average daily dietary 
intake is normally 0.1-0.3 mg of nickel but may be as high as 0.9 mg with an intake of 
special food items (WHO 1993). Higher concentration of nickel, as both soluble and 
sparingly soluble compounds, is now considered as a human carcinogen in relation to 
pulmonary exposure (WHO, 1993). The concentrations of Ni in the study area range 
between 0.043-0.092 mg/1. 
Iron (Fe): Iron is one of the most abundant metals in the earth's crust. It is found in 
natural fresh waters at levels ranging from 0.5 to 50 mg/1 (WHO, 1994). Iron may also 
be present in drinking-water as a result of the use of iron coagulants or the corrosion 
of steel and cast iron pipes during water distribution. Iron is an essential element in 
human nutrition. Estimates of the minimum daily requirement for iron depend on age, 
sex, physiological status and iron bioavailability and range from about 10 to 50 
mg/day. The Fe in potable water should not exceed the range 0.3-1.0 mg/1 (BIS 1991). 
Groundwater under anaerobic condition dissolves mineral of Iron and increase the 
iron content of it (Kalicharan 2007). 
The Fe concentration in the study area range between 0.365-1.765 mg/1. Four out of 
18 samples have Fe concentration of >1.0 mg/1. Sample 11 of location Bitawada 
shows highest concentration of 1.76 mg/1. The high concentrations of iron may cause 
toxic effect to human health. 
Manganese (Mn): Manganese is one of the more abundant metals in the earth's crust 
and usually occurs together with iron. Dissolved manganese concentrations in ground 
and surface waters that are poor in oxygen can reach several milligrams per litre. On 
exposure to oxygen, manganese can form insoluble oxides that may result in 
undesirable deposits and colour problems in distribution systems (APHA 1992). 
The Mn concentration in drinking water should range between 0.05-0.5 mg/1. 
In the study area it ranges between 0.024-0.513 mg/1. Higher concentrations of Mn 
may cause neurological syndrome resembling manganese encephalopathy (Anon. 
1977). Iron and manganese play a biochemical role in the life cycles of plants and 
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animals; their presence in the groundwater in higher concentration is undesirable for 
all uses (Ballukraya and Ravi, 1999). 
Cobalt (Co): Cobalt is required for the manufacture of red blood cells and in 
preventing anaemia. An excessively high intake of cobalt may damage the heart 
muscles, and may cause an over production of red blood cells or damage to the 
thyroid gland (http://wvyw.anvvitamins.com/cobalt-info.htm"). Cobalt concentrations 
in the study area range between 0.00172-0.00597 mg/1. 
Chromium (Cr): Chromium is widely distributed in the earth's crust. Total chromium 
concentrations in drinking water are usually less than 2 p.g/ litre, although 
concentrations as high as 120 ng/litre have been reported (WHO, 1993). 
Trivalent chromium rarely occurs in drinking water. Most water borne 
chromium is in the hexavalent form. Hexavalent Cr is much more toxic than trivalent 
one and has no nutritional value. Hexavalent chromium may pose disorders of skin 
and cancer in respiratory track (Goel 1997). High concentration of groundwater may 
cause ulceration of nasal septum and dermatitis (Singh and Bhayana, 1986). The 
highest desirable level of chromium concentrations in the drinking water is 0.05 mg/1. 
The Cr concentrations in the study area range between 0.0532-0.07578 mg/1, and thus, 
all the samples have concentration levels approaching the highest desirable limit. 
The cause of these relatively high Cr concentrations is not known. Normally, 
higher Cr values may be expected in terrains characterized by the presence of basic 
rocks. In the area of study, confined to Gangetic plains, the only suggestion that may 
be offered is that Cr in groundwater is of anthropogenic origin probably from paper 
mills. 
Selenium (Se): Selenium levels in drinking water vary greatly in different 
geographical areas but are usually much less than 0.01 mg/litre. Selenium is an 
essential element for humans and forms an integral part of the enzyme glutathione 
peroxidase and probably other proteins as well (WHO 1993). Selenium concentration 
in drinking water should range in between 0.01-0.1 mg/1 according to BIS 1991. In 
the study area, its concentration ranges from 0.0032 to 0.0271 mg/1 and is, therefore, 
well with in the permissible limit. Only two samples have more than desirable level 
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i.e. 0.01 mg/I. Small amount of selenium is beneficial but large amount is toxic. The 
potential health effects are hair or finger nail loss and numbness in fingers or toes if 
Se exceeds the prescribed limit. 
Cadmium (Cd): Cadmium is one of the most toxic metal to man and animal (Friberg 
et al., 1974). It is released to the environment in wastewater and its sources may be 
fertilizers and local air pollution. Contamination in drinking water may also be caused 
by impurities in the zinc of galvanized pipes and solders and some metal fittings, 
although levels in drinking water are usually less than 1 ng/litre. 
Cd accumulates primarily in the kidneys and has a long biological half life in 
humans of 10-35 years, thus causing pathological changes of kidney, tubules and 
glomerular changes (Itokawa et al., 1974; Colucci et al., 1975). There is evidence that 
cadmium is carcinogenic. Cadmium also causes effects on cardio vascular system and 
also causes gastro intestinal upset, renal dysfunction, hypertension, growth inhibition, 
genetic defects and testicular tumors. Drinking water containing excessive cadmium 
leads to the occurrence of "itai-itai" disease among the Japanese (Kobayashi, 1970). 
The recommended permissible limit of Cd in drinking water is 0.01 mg/1 (BIS 1991). 
The concentration of Cd in the study area ranges between 0.00004-0.004 mg/1 which 
is well with in the permissible limit. 
Arsenic (As): Arsenic is widely distributed throughout the earth's crust and it is toxic 
in nature. It is introduced into groundwater from industrial effluents, atmospheric 
deposition and also from pesticides which are widely used in the study area. The 
excess arsenic damages the skin, causes circulatory system problems and results in an 
increased risk of cancer. The desirable level of arsenic is 0.05 mg/1 according to BIS 
1991. The concentration of As in the study area ranges from 0.0013 to 0.024 mg/1, 
which is well with in the permissible limit. 
Boron (B): Boron compounds are released into water from industrial and domestic 
effluents. It is usually present in drinking water in concentrations of <1 mg/litre, but 
some higher levels have been found as a result of naturally occurring boron (WHO 
1984). Long-term exposure of humans to boron compounds leads to mild 
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gastrointestinal irritation. The maximum permissible limit of B is 5 mg/1 (BIS, 1991). 
In the study area its concentration ranges from 0.13 to 0.51 mg/1. 
Silver (Ag): The concentration of silver in groundwater from the study area varies 
between 0.001 to 0.024 mg/1. All samples have values less than the maximum 
permissible limit of 0.05 mg/1. Ag is derived partially from agricultural sources (as an 
impurity in fertilizers) and partly from lithologlcal sources particularly due the 
presence of clay layers in the alluvium (Pawar and Nikumbh, 1999). 
Lead (Pb): Lead concentration in natural waters increases mainly through 
anthropogenic activities (Goel, 1997). The possible sources of lead in groundwater are 
mainly diesel fuel consumed extensively in farm lands, discarded batteries, paint and 
leaded gasoline. Lead is also used in some pesticides such as lead arsenate. 
Lead is present in tap water to some extent as a result of its dissolution from 
natural sources, but primarily from household plumbing systems containing lead in 
pipes, solder, fittings, or the service connections to homes. The amount of lead 
dissolved from the plumbing system depends on several factors, including pH, 
temperature, water hardness, and standing time of the water, with soft, acidic water 
being the most plumbo-solvent 
Lead is one of the hazardous and potentially harmful pollutants. It has its 
impact both on man and animals. Infants, children up to six years of age and pregnant 
women are most susceptible to its adverse effects. Lead is toxic to both the central and 
peripheral nervous systems, including sub-encephalopathic neurological and 
behavioral effects. Its consumption in higher quantity may cause hearing loss, blood 
disorders, hypertension and eventually it may prove to be fatal (WHO, 1993 and BIS 
1991). 
The most common symptoms of lead poisoning are anemia, severe intestinal 
cramps, paralysis of nerves, loss of appetite and fatigue (Train, 1979). Lead toxicity 
also causes irreversible damage to the brain in children. 
The Pb concentration in drinking water is permissible up to 0.05 mg/1 
according to BIS 1991. The Pb concentration in the study area ranges between 0.0283 
and 0.1831 mg/1. Out of 18 samples analysed, 6 have concentration levels higher than 
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the permissible limit of 0.05 mg/1. Interestingly, high Pb concentrations are reported 
where Fe concentrations are high too. 
The higher concentration of Fe, Mn and Pb at locations Bitawada, Daha and 
Budhana, respectively, is attributed to industrial pollution. High concentration of 
these metals in some of the samples of shallow aquifer water may cause health 
hazards to the inhabitants of the area. The increasing concentration of these 
undesirable metals in the groundwater of the study area is mainly originating from 
industrial effluents of sugar mills, pulp and paper factories, cooperative distilleries 
and municipal waste water. 
10.6 CHEMICAL CHARACTERISTICS OF SOIL 
Generally the soils of the region are dark brown to brown in colour. Soil texture is an 
important character which determines the water retention and transmission properties 
of soils. Based on the texture, the soils are identified as sandy loam and loam (Survey 
of India, 2003). Generally, these soils allow slow infiltration of water through them. 
The soils of the region have pH values of ranges from 6.81 to 7.45 indicating 
acidic to alkaline character. Seven out of 9 samples collected (Figure 10.8), show 
alkaline nature. Salinity of the soils are determined from electrical conductivity (EC). 
Its ranges from 100 to 300 micro mhos/cm. The analysis reveals the low electrical 
conductivity values indicating the non-saline character of the soils. The results of the 
important physical and chemical constituents determined are tabulated in Table 10.2. 
Table 10.2: Chemical analysis of soil in mg/lOOgm 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
DBr-
Name of 
Villages 
Budhina Kalan 
Sisauli 
Lisadh 
Bantikhera 
Kudana 
Tikri 
Bawana 
Budhana 
Nagwa 
Dark Brown 
Colour 
DBr 
DBr 
DBr 
Br 
Br 
Br 
DBr 
DBr 
Br 
pH 
6.81 
7.01 
7.12 
7.26 
7.45 
7.12 
6.97 
7.01 
7.15 
EC 
((jS/cm 
at 25° 
C)) 
200 
100 
100 
100 
300 
100 
100 
100 
100 
HCOj 
28 
171 
110 
98 
122 
110 
85 
98 
92 
CI 
71 
43 
21 
28 
32 
28 
36 
39 
32 
SO4 
0.14 
0.34 
0.42 
0.29 
0.50 
0.52 
0.39 
0.50 
0.61 
Na 
58 
54 
54 
49 
54 
58 
44 
42 
29 
K 
67 
34 
58 
24 
29 
24 
29 
30 
28 
Ca 
131 
136 
114 
131 
136 
149 
151 
138 
97 
Mg 
25 
68 
62 
37 
39 
30 
25 
40 
36 
Br- Brown 
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The analysis reveals that the soils are rich in Na, K and Ca contents due to the use of 
NPK and gypsum fertilizers in huge quantity in the study area. 
10.7 DISSOLVED SILICA 
Twelve samples were analysed for dissolved silica content (Figure 10.8). This was 
done with an intention to have an idea about the depth of origin of groundwater and 
comment on its characteristics, such as, residence time and interaction with solid 
phases, i.e. granular zone or bedrock. It needs to be mentioned here that 
conventionally silica analysis is not performed as part of groundwater studies in India 
or other countries. This is in spite of the fact that a relatively rich literature exists on 
relationship of silica with parameters, such as, temperature, regional heat flow values 
and depth. 
Median value of Si02 in groundwaters is 17 mg/1 and rock types with which 
groundwater is in contact over a longer period are the principal factor controlling its 
concentration levels (Davis, 1964). Swansberg and Morgan (1978) applied silica 
geothermometer to over 70,000 non-thermal groundwater samples of USA and 
unequivocally showed that there is a strong correlation between silica 
geotemperatures for a given region and the known regional heat flow. They arrived at 
a relationship 
Silica derived temperature in groundwater (T in °C) = mq + b 
Where q is the regional heat flow in mWm' and m and b are constants with values of 
0.67 "C m^  mW' and 13.2 "C, respectively. Constant b is related to the mean air 
temperature and m is related to the depth to which water descends. Swansberg and 
Morgan (1978) in their study demonstrated that the estimated depth of the occurrence 
of the groundwater in deep steady state was of the order of 1.4 to 2.0 km. 
In another study, Marchand et al., (2002) have convincingly demonstrated that 
silica content of groundwater increases due to increased contact with Si-rich material 
and that the silica content is directly proportional to the residence time of water 
underground. They also showed that waters evidently originating at deeper levels had 
higher silica values than in shallow groundwaters. 
175 
45000 
40000 
10000 
(1 
0 
i 
Scale 
5000 
5 Km 
* 
^amav 
r 1 
10000 15000 
Easting in metres 
Jf) LEGEND 
J ^ Soil sampling 
- ^ Silica sampling 
1 
20000 
Figure-10.8 Location of soil samples and samples analysed for silica 
176 
Boughton and McCoy (2006), on the other hand have shown in their exhaustive study 
of the Morgan County, West Virginia, USA that a relationship exists between 
observed temperatures of groundwater discharges and their silica content. 
A number of silica geothermometers have been proposed. The one which 
seems to be appropriate for groundwater systems is given by Foumier (1983). This 
equation takes into account the solubility of chalcedony and given below: 
fC = [1032 / 4.69 - log Si02] - 273.15 
Foumier (1983) has given another equation which is based on solubility of quartz. 
The equation is: 
fC = [1309 / 5.19 - log SiOi] - 273.15 
Results of silica analysis and temperatures deduced using the two 
thermometries are given in Table 10.3. 
Table 10.3: Silica values and temperatures derived 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Location 
Fatehpur 
jasoi 
Sisauli 
Budhana 
Lank 
Bitawada 
Nagwa 
Daha 
Bamawa 
Phughana 
Biral 
Shikarpur 
Depth 
(m) 
50 
40 
40 
74 
83 
28 
15 
70 
50 
86 
30 
18 
SiOz 
(mg/1) 
34 
31 
36 
36 
37 
24 
35 
45 
30 
2 
8 
9 
CI 
(niR/I) 
20 
17 
26 
21 
101 
60 
12 
99 
247 
14 
111 
30 
TDS 
(mg/1) 
693 
526 
1022 
863 
564 
598 
1427 
888 
613 
924 
862 
559 
Temperature 
° C Quartz 
85 
81 
87 
87 
88 
71 
86 
97 
81 
N.A 
32 
36 
Temperature 
"C 
Chalcedony 
54 
50 
56 
56 
57 
40 
55 
66 
47 
N.A 
N.A 
N.A 
Also given in the Table are CI and TDS values to be related to those of silica in 
Figures 10.9 and 10.10, respectively. Silica values obtained have also been used to 
draw a distribution map (Figure 10.11). Such a map is rather an overambitious 
attempt since it is based on 12 samples only, but the purpose is to understand broad 
patterns which may be related to other parameters. 
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As expected, temperatures determined using chalcedony thermometry are 
lower than those of quartz thermometry. This is related to solubility behavior of the 
two silica polymorphs and thermodynamic parameters (Foumier, 1983). In general, 
temperatures estimated using the former, i.e. chalcedony thermometry; seem to be 
more logical and realistic. 
Temperatures likely to exist at deeper reservoir conditions, as estimated by the 
chalcedony equation, are highest for Daha, i.e. 66 °C. For Fatehpur, Jasoi, Sisauli, 
Budhana, Lank and Nagwa, it ranges between 50 and 57 "C, averaging 55 °C. Inferred 
temperature is lower at 39 °C for Bitawada. The thermometry is not applicable to 
samples 10, 11 and 12 from Phughana, Biral and Shikarpur because of anomalously 
low silica values. 
There is a tendency of higher silica values of >30 mg/1 in the northern, and 
particularly, in the southern parts of the area (Figure 10.11). This, in turn, implies 
higher silica geo-temperatures (Table 10.3). The trend, however, can not be called 
unequivocal as sample representation in the central part of the area is rather poor. 
At least one feature emerges out. There is a discernible 'high' around Daha. 
Since samples were collected in June, 2007, when the ambient temperature was in 
excess of 30 "C, a silica temperature of 66 "C would mean a temperature of about 35 " 
C over and above the average air temperature which, in turn, would correspond to a 
depth of about 1000 m taking into account an average heat flow value of 30 °C/km 
(GSI, 1991). Other samples, characterized by silica values of >30 mg/1 and 
temperature averaging around 55 °C, as mentioned above, would, by the same token 
correspond to a depth of about 800 m. 
Another anomaly is in the form of exceedingly small silica values obtained for 
samples from Phughana, Biral and Shikarpur. These values are far too smaller than 
the values normally found in groundwaters (Davis, 1964; Boughton and McCoy, 
2006), and that is why thermometries do not apply to these. As a matter of fact, the 
values of 2 to 9 mg/1 tend to characterize river water rather than subsurface water. A 
value of 2 mg/1 for Phughana is particularly enigmatic as it has been recorded in the 
deepest, i.e. 86 m deep well (Table 10.3). If the analysis for silica (carried out in 
Geological Survey of India Laboratory at Lucknow) is right, the only hypothesis that 
may be offered is that these three wells, ranging in depth from 18 to 86 m, discharge 
basically the water that has reached aquifers as a result of the influent nature of the 
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two rivers. Further, it would mean that this water has relatively short residence time 
which has precluded rock-water interaction. This seems particularly so in case of 
Shikarpur, adjacent to the right bank of river Hindon, as its chemistry matches quite 
well with that of the river water (Chapter 9). 
For the other two sites, i.e. Phughana and Biral, on the other hand, chloride 
and sulphate values are strikingly lower than those in river Krishni. The possibility 
that descending (inflowing) river water has mixed with groundwater in different 
proportions is not tenable as the silica in that case would have been higher than the 
observed values. Water level contour maps (Figures 6.5a, 6.5b, 6.6a and 6.6b) and 
maps showing horizontal inflow from streams (Figures 7.2a and 7.2b) depict influent 
tendency of river Krishni, but the same is not consistent with the silica value at 
Phughana. Biral could represent a mixture of river water and some component of 
relatively low TDS subsurface water so as to account for silica and CI values of 9 and 
85, respectively. 
Phughana probably represents an analytical error or is grossly undersaturated 
with respect to silica for reasons not known. 
Silica values have been related to CI and TDS concentrations in Figures 10.9 
and 10.10, respectively. On Si02 - CI plot, samples 1, 2, 3, 4 and 7 occupy a small 
cluster defined by moderate SiOj content of 31 to 37 mg/l and relatively low CI values 
of 12 to 25 mg/l. These may be termed as groundwaters that have attained their silica 
values through interaction with the solid phase at temperatures averaging around 55 
"C at depth of about 800 m. The chloride content of these samples is though somewhat 
lower than that expected in normal groundwaters. This itself is an indication of 
relative paucity of surface and near-surface components of water in these samples. On 
SiO: -TDS plot (Figure 10.10), these samples plot in nearly a straight vertical line 
indicating that silica values have nothing to do with TDS values and any TDS value 
of 500 to >1400 mg/l may be possible for nearly identical SiOz concentration. This, in 
turn, also implies that CI also have no relationship with TDS and that the latter is not 
related to water - rock interaction. In other words the implication is that TDS may be 
related to anthropogenic rather than geogenic phenomenon. 
Samples 5, 6, 8, 10 and 12 tend to suggest the normal Si02 - CI relationship as 
a result of water - rock interaction. Phughana value being doubtful, Shikarpur and 
Daha samples mark the end-members of this trend. Samples from Bamawa and Biral 
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(samples 9 and 11) are peripheral to river Krishni and are anomalously enriched in CI 
probably due to inflow from highly contaminated river. Such a possibility for Biral 
has already been mentioned above. 
Silica values, thus, help us understand that TDS values observed are mainly 
derived through anthropogenic influences and that the groundwaters sampled for the 
present study, in general, are derived from about 800 to 1000 m depth. This implies 
that we probably do not have a representative of groundwater characterized by the 
residence in the bedrock, i.e. quartzites belonging to the Delhi Super Group, which is 
inferred to lie at a depth of about 1300 m in the study area (Chapter 3). 
10.8 DISCUSSION 
Hydrogeochemistry of the area located between Krishni and Hindon rivers in 
Muzaffamagar district, forming a part of the Ganga Plain in western Uttar Pradesh, 
studied over a period covering two pre- and one post-monsoon seasons of years 2005 
to 2007, provide us an opportunity to study the characteristic trends with respect to 
temporal and spatial variations in geochemical parameters and relate them to various 
natural and anthropogenic causes. 
The groundwaters of the area, in nutshell, are characterized by the dominance 
of alkalis and relative abundance of sulphate. The alkalis are almost always higher 
than the cumulative concentration of Ca + Mg. Sulphate, on the other hand, has 
average values of 141 to 172 mg/1 during post- and pre-monsoon seasons, 
respectively, with rather anomalous values of >200 mg/1 reported in a number of 
samples. 
It is imperative to have an idea of the possible sources of alkalis and sulphate 
that give the groundwater in the area its characteristic signature. Sodium values are 
>100 mg/1 in the vast majority of the samples. Values as high as >300 mg/1 have been 
reported. Potassium values are also on the higher side, in general, and the highest 
values recorded are 66 to 90 mg/1. Both these values for Na and K are difficult to be 
acquired through water - rock interaction alone. This may be said with confidence 
drawing parallelism with geothermal systems which are also groundwater systems but 
at elevated temperatures. In some of the geothermal systems in India, for example, 
Chhumathang in Ladakh region of J&K, water - rock interaction in granitic bedrock 
(reservoir) at temperatures exceeding 150 °C has yielded Na and K values of only 
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about 300 and 30 mg/1, respectively (GSI, 1991). It is, therefore, difficult to conceive 
that interaction of groundwater in granular zones could result in alkali values as 
observed in the area. 
Under such circumstances other sources have to be looked in to for Na and K 
supply to the groundwater. A clue is obtained from the analysis of water soluble 
components of soil (Table 10.2). The values for the two alkali ions are 29 to 58 and 
23 to 67 mg/100 g. Although part of these values could possibly be due to dissolution 
of wind-blown salts but the bulk of it is evidently due to anthropogenic influences. 
Potassium is a component of NPK (nitrogen, phosphorous and potash) fertilizer used 
abundantly in the area. Sodium, although not part of this fertilizer combination, may 
find its way as impurities in some of the fertilizers, particularly, urea. This has been 
observed in the eastern part of the Ganga Plain in Kanpur and Unnao districts of Uttar 
Pradesh (GSI, personal communication). 
Sodium, along with CI, may also be added to the system through sewage 
pollution and leachate percolation (Umar and Ahmed, 2007). Sodium and CI may also 
be contributed from discharges from paper and acid factories. Yet another source of 
Na in the groundwater of the area may be through discharges from sugar factories, 
where NaOH is used for increasing the pH of the lagoon water during the course of 
effluent treatment. 
As far as the source of sulphate is concerned, it has already been discussed in 
details in the previous Chapter (Section 9.8.1). In addition to sugar factories, 
occasional use of gypsum fertilizer is another source for SO4 in the groundwater. 
The source of other cations and anions may also be discussed here in brief 
Calcium and Mg may be derived through dissolution of calcareous concretions which 
occur as small lensoidal bodies in the area of studies (Chapter 5). Calcium may also 
be derived from gypsum fertilizer. It may also be added to the system as lime used in 
sugar factories for drying SO2 is discarded and it eventually finds its way in to the 
system through infiltration of rain water or inflow of river water (Section 9.8.1). The 
source of CI may be in wind-blown salts, impurities in fertilizers and sewage 
pollution. Bicarbonate, in addition to the normal course of its entry in to the system in 
root-respiration zone, may also be added to the system through dissolution of 
calcareous material. However, the fact that Krishni river has anomalously high 
bicarbonate content of 1190 to 1250 mg/1, which is in excess of all cations put 
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together (Chapter-9), suggests that there is some additional source of this anion in the 
form of discharges from various industries. This inference is arrived at due to the fact 
that such a high HCO3 content in the river water is otherwise inexplicable. The source 
of this excess bicarbonate in the river water, however, is not understood at this stage. 
A possibility may be that the hydrated lime, discarded after the use in the effluent 
treatment plant (Chapter-9), reacts with CO2 that may be available through decaying 
of organic wastes to form Ca(HC03)2. This conjecture gets some support from the fact 
that Krishni river has Ca values of 180 to 240 mg/1, which are in stoichiometric 
proportion to observed bicarbonate values. It is this high bicarbonate in the river water 
that eventually finds its way in groundwater due to the influent nature of the river. 
A comparison of pre-monsoon and post-monsoon concentrations provides 
clues to temporal variations. This is particularly conspicuous in cations. Only one 
sample has Ca + Mg > Na + K during the pre-monsoon season, but during the post-
monsoon season as many as 16 samples show this trend. This may be related to the 
fact that infiltration of rain water after the monsoon spell causes a dilution effect in 
aquifers resulting in increasing the relative abundance of Ca + Mg. 
As far as the existence of the possible ionic complexes is concerned, CI would 
tend to form alkali chlorides. Calcium and Mg would primarily be liganding with 
HCO3 to form alkaline earth bicarbonates. Excess of alkalis would be associated with 
HCO3, the most abundant anion. In some instances with Ca + Mg > Na + K, the latter 
could form some sulphates too. Thus, various ionic complexes, such as, Na-Cl, K-Cl, 
Na-HC03, Na-S04, Ca-Mg-HCOs and Ca-Mg-S04 may be present in the groundwater 
of the area. It is inferred that alkali bicarbonates would be the most dominant ionic 
complex in the area. 
Temporal variations are conspicuous as depicted in L-L diagrams for 
November, 2005 and June, 2006 (Figures 9.5a and 9.5b). As far as spatial variations 
are concerned, there are discernible differences in samples from close to the river 
banks and those collected from the area lying between the two rivers. These 
differences are related to hydrological variations in the area, such as, influent nature 
of the streams, directions of groundwater movement and lateral and vertical 
permeability of the medium. Chemical alteration trends have been discussed in 
details, but in nutshell, the meteoric water, which is scarcely identified in the area. 
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tends to alter its chemical composition more in response to anthropogenic influences 
than natural processes, i.e. water-rock interaction and dissolution of solid phase. 
10.9 INFERENCE 
Based on relative abundances of the major anions HCO3 and CI, groundwater of the 
area are of three types, i.e. 1) HCO3 = CI, 2) Cl> HCO3, and 3) HCO3 » CI. 
Groundwater is characterized by the abundance of alkalis and relative enrichment in 
sulphate and this is the characteristic feature of these groundwaters. 
Sodium and K would tend to form alkali chlorides. Calcium and Mg would be 
in the company of HCO3 to form alkaline earth bicarbonate complexes. Alkalis would 
be associated with HCO3, the most abundant anion. Some Ca + Mg could form 
sulphates. Various ionic complexes, i.e. Na-Cl, K-CI, Na-HCOs, Na-S04, Ca-Mg-
HCO3 and Ca-Mg-S04 are, therefore, likely to be present in the groundwater of the 
area. Alkali bicarbonates would probably be the most dominant ionic complex in the 
area. 
Analysis of some samples for silica has revealed that the groundwater could 
have residence in aquifers lying 800 to 1000 m bgl. Plot of silica with TDS and CI 
suggest that the source for chemical species in groundwater is not predominantly 
through water-rock interaction. 
It appears that the source of major cations and anions is dominantly through 
anthropogenic activities. For sulphate there is convincing evidence that it is 
contributed by sugar factories. The other anions and all the major cations may be 
contributed through natural processes as well as through factory and sewage 
discharges, discarded leachate and chemicals, fertilizers and organic waste. 
There is temporal, as well as, spatial variation in the chemistry of 
groundwater. The former is particularly pronounced for cations. Post-monsoon period 
seems to be characterized by relative dilution. Spatial variations are discernible in the 
form of changes observed in samples collected from near the rivers and those from the 
central part of the area. Chemical alteration of meteoric water is conspicuous in the 
form of significant increase in TDS, but these alterations are predominantly 
anthropogenic rather than geogenic. 
Trace elements studies have been carried out on 18 groundwater samples. 
Higher concentration of Iron, Mn, and Lead at location Bitawada, Daha and Budhana 
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respectively, and it is attributed to the Industrial pollution. The increasing 
concentration of these undesirable metals in the groundwater of the study area is 
mainly responsible for industrial effluents of sugar mill, pulp and paper, cooperative 
distilleries, municipal waste water and other miscellaneous industries. 
Chemistry of the water-soluble component of soils has indicated that it is 
affected by the excessive use of fertilizers in the area. Water percolating through these 
soils is likely to impart these chemical signatures on groundwater. 
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CHAPTER ii 
SYNTHESIS OF DATA 
AND 
RECOMMENDATIONS 
SYNTHESIS OF DATA AND RECOMMENDATIONS 
11.1 HIGHLIGHTS OF THE STUDY 
The study area is a part of the Krishni - Hindon inter-stream region, which itself is a 
part of much larger Ganga -Yamuna Basin, a distinct physiographic unit of India. The 
area exhibits a gentle southward slope with altitude varying between 224 and 256 m a 
msl, as revealed by the Digital Elevation Model (DEM). Average annual rainfall is 
between 588 and 697 mm and its intensity, in general, decreases from east to west. It 
is the only source for the recharge of the groundwater system and sustaining it. Rather 
erratic rainfall, much below the average, during the last 5 years has been felt in the 
area in the form of lowering of water table and drying of some dug wells. 
Change Detection Analysis of land use/land cover for the years 1992 and 1999 
reveals that areas of agricultural land and wasteland have decreased. The area 
occupied by settlements has correspondingly increased, and is obviously related to an 
increase in the population. This is a pointer to the alarming threat to the groundwater 
system of the area. 
Geologically, the area is characterized by thick pile of Quaternary alluvium 
(>1000 m), which rests unconformably over a basement comprising quartzites of the 
Delhi Super Group. The study area consists of two types of soil, i.e. loam, and sandy 
loam. The former is found in an elongated track and almost covers 75 % of the 
western part of the area, while the latter occurs in a narrow elongated tract. 
Four tier aquifer systems are reported to occur to depth of 450 m bgl. The 
first group of aquifer which extends to 185 m bgl is taken for detailed study. 
The fence diagram shows occurrence of single aquifer down to depth of 121 m 
bgl. The top clay layer is persistent through out the area varying in thickness from 5 to 
45 m bgl. The top clay bed is underlain by a single granular zone which extends 
downwards to different depth varying upto 121 m bgl. The granular zone is 
intercalated by local clay lenses. The granular zone is composed of medium to coarse 
sand and form about 60 to 75% of the total formation encountered particularly in the 
upper central part of the study area. 
Depths to water table during pre- and post-monsoon periods range between 
9.87 to 27.78 m bgl and 8.9 to 27.46 m bgl, respectively, in 2006. During same 
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periods in 2007, the water level varies between 9.76 to 29.44 m bgl and 9.67 to 29.28 
m bgl. Water table contour maps have revealed that the movement of groundwater is, 
in general, N to S. However, local variations do exist, which in all likelihood are 
related to over abstraction of groundwater. Two significant groundwater troughs, 
which seem to be a persistent feature of the groundwater regime of the area, are 
observed at Mohammadpur Raising and Lank. This feature also seems to be related to 
excessive withdrawal of groundwater. Hydrographs, prepared on the basis of the data 
available from five permanent monitoring wells, show declining trend, average annual 
decline of groundwater in the area being 0.07 to 1.1 m. 
An isopermeability map prepared using the approach of Logan (1964) shows 
that permeability range of 20-30 m/day covers the bulk of the area. The values 
obtained by permeameter, however, ranges from 1.07 to 3.84 m/day. These laboratory 
determined values are lower than the values obtained from pumping tests carried out 
in the adjoiningt area by Government agencies. The possible reason for these marked 
variations lie in sand samples being fine grained. Moreover, the natural setup is also 
altered because of compaction of the sand grains in confined environment. The 
transmissivity values arrived at through pump tests range between 720 and 1820 
m2/day. 
The groundwater budget of the area rings the alarm bells. Total recharge is 
185.13 Mcum, whereas the total discharge from the area is 253.2 Mcum. Thus, 
change in groundwater storage in the area of interest is -68.07 Mcum. The stage of 
groundwater development is worked out to be 137%. The numbers given here are not 
significant as such calculations often have an element of error due to many rather 
uncertain parameters. What is important is that the area is showing definite 
indications of a negative budget. It is obvious, therefore, that the situation has reached 
an alarming stage which may only be expected to deteriorate further in the coming 
years. 
The vulnerability map categorizes the area in low to very high vulnerability 
zones. Major portion of the study area comes under the moderate category. The 
vulnerability increases towards both the rivers and therefore these areas are more 
susceptible to groundwater pollution. 
The groundwater of the area is characterized by relatively high TDS values, 
averaging 900 to 1000 mg/I, in the two sampling seasons. Variation range for pH is 
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from 6.8 to 8.5. On the basis of L-L diagram, 4 different types of water are identified, 
i.e. 1) Ca-Mg-HCOa type, 2) Ca-Mg- HCO3 dominating mixed type, 3) Na-K-HCOs 
type, and 4) mixed type. The majority of the samples, however, plot in Na-K-HCOs 
field. This classification is consistent with that on the conventional Piper's Trilinear 
diagram. The majority of the samples are fit for human consumption. Water from the 
deeper aquifers is relatively safe for drinking purpose. 
The SAR values range from 0.56 to 11.07 and 2.79 to 29.13 in November, 
2005 and June, 2006, respectively. The majority of the samples fall in good to 
excellent class. On the basis of RSC, 35% samples are with in the limits of suitability. 
Values of the remaining samples are found above the limits prescribed. In general, the 
water from shallow aquifer is not fit for agricultural purposes. 
The samples from Krishni river show very high values of TDS and particular 
enrichment of HCO3, SO4 and Na. The bicarbonate content alone is as high as about 
1000 mg/1. Concentration levels for sulphate reach up to 500 mg/1. This is clearly a 
case of a highly polluted river, a common situation in the Ganga plain, which has 
attained its present composition due to mixing of discharges from sugar, paper and 
acid factories and also sewage and other organic wastes. River Hindon is polluted too 
but to a lesser extent, the TDS though is higher than 1000 mg/1. 
Chemistry of the water-soluble component of soils has indicated that it is 
affected by the excessive use of fertilizers in the area. Water percolating through these 
soils is likely to impart these chemical signatures on groundwater. Groundwater is 
characterized by the abundance of alkalis and relative enrichment in sulphate and this 
is its characteristic feature. Sodium and K would form alkali chlorides and Ca and Mg 
would form alkaline earth bicarbonate complexes. Alkalis would be associated with 
HCO3, the most abundant anion, in alkali bicarbonate complexes. Some Ca + Mg 
could form sulphates. Various ionic complexes, i.e. Na-Cl, K-Cl, Na-HCOs, Na-S04, 
Ca-Mg-HCOa and Ca-Mg-S04 are, therefore, likely to be present in the groundwater 
of the area, however, alkali bicarbonates would probably be the most dominant ionic 
complex in the area. 
Analysis of some samples for silica has revealed that the groundwater could 
have residence in aquifers lying 800 to 1000 m bgl. Plot of silica with TDS and CI 
suggest that the source for chemical species in groundwater is not predominantly 
through water-rock interaction. 
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It appears that the source of major cations and anions is dominantly through 
anthropogenic activities. For sulphate there is convincing evidence that it is 
contributed by sugar factories. The other anions, and all the major cations, may be 
contributed through natural processes as well as through factory and sewage 
discharges, discarded leachate and chemicals, fertilizers and organic waste. 
There is temporal, as well as, spatial variation in the chemistry of 
groundwater. The former is particularly pronounced for cations. Post-monsoon period 
seems to be characterized by relative dilution. Spatial variations are discernible in the 
form of changes observed in samples collected fi*om near the rivers and those from the 
central part of the area. Chemical alteration of meteoric water is conspicuous in the 
form of significant increase in TDS, but these alterations are predominantly 
anthropogenic rather than geogenic. 
Higher concentration of trace metals Fe, Mn, and Pb are attributed to 
industrial pollution. The increasing concentration of these undesirable metals in the 
groundwater of the study area is mainly contributed by industrial effluents of sugar 
mills, pulp and paper factories, cooperative distilleries, municipal waste and other 
miscellaneous industries. 
11.2 SYNTHESIS OF HYDROGEOLOGICAL AND HYDROGEOCHEMICAL 
DATA 
The present study encompasses two major spheres of the study of a groundwater 
system, i.e. hydrogeology and hydrogeochemistry, and therefore it is imperative that 
an attempt should be made to understand the relationship between the two. As 
hydrogeological parameters include groundwater movements laterally as well as 
vertically, its interaction with river water during influent and effluent conditions and 
its residence in various aquifers with diverse Uthologies, these are bound to influence 
the spatial variation in the chemical quality of groundwater and its tendency to 
acquire various cations and anions of geogenic or anthropogenic origin. 
Here, in this section, TDS is taken to represent the cumulative effect of all the 
chemical constituents and used to relate chemical attributes with those related to 
hydrogeology. 
One of the characteristic features of the groundwater in the area is its high 
TDS value of >500 to about 1500 mg/1, averaging around 900 mg/1. These are, in 
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general, very high compared to the data available from other parts of the Ganga plain. 
Such high values, at the first sight, may not be related to water-rock interaction 
process alone. 
Very high TDS values at times may be observed in groundwater system due to 
mixing of saline water or dissolution of readily water-soluble material, such as, rock 
salt, gypsum/anhydrite and to some extent carbonates. There is no chemical indication 
of mixing of saline water or dissolution of rock salt due to relative paucity of CI and 
lack of its stoichiometric association with Na. Similarly, dissolution of naturally 
occurring gypsum is ruled out too. 
Under such circumstances, the most logical explanation is that groundwater 
has acquired its TDS content through a combination of processes among which 
natural processes (water-rock interaction and dissolution) have only a trivial role to 
play and the dominant effect is that of anthropogenic influences. This is one of the 
major inference of the present study and gets credibility by the fact that the area is 
dotted with various industries, such as, sugar mills, paper and pulp factories, acid 
manufacturing units and distilleries. In addition, large scale cultivation of the land 
with excessive use of chemical fertilizers, presence of underground septic tanks and 
disposal of sewage and municipal wastes, provide additional sources for groundwater 
to acquire its dissolved constituents. It is natural to expect that all such processes of 
acquisition of chemical constituents by groundwater would depend on its mobility-
related parameters. 
To start with, the distribution of TDS values in the area (Figure 9.1) seems to 
be broadly related to the distribution of soil types (Figure 3.5). Higher TDS observed 
along river Hindon is confined to the zone characterized by sandy loam. This 
speculation gets support from the fact that the sand percent map (Figure 5.4), 
prepared on the basis of lithologs available from the area, depicts relatively higher 
sand content of >60% all along river Hindon. These relationships between high TDS 
and relative enrichment of sand proportion tend to suggest the role of hydraulic 
conductivity and transmissivity in dissemination of chemical constituents. It has been 
established beyond any doubt in chapters dealing with hydrogeochemistry that rivers, 
receiving all kinds of pollutants from industrial, municipal and domestic discharges, 
are one of the major source of groundwater pollution. This phenomenon of 
groundwater - river water interaction, therefore, is bound to be influenced by 
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hydrogeological parameters. Thus, there seems to be some relationship of 
proportionality between higher TDS values of >850 mg/1 and higher sand content. 
Rather fortuitously, the highest TDS value of > 1550 mg/1 at Gagnoli, along river 
Krishni, is associated with the highest estimated sand content of 74%. 
As shown in previous chapters, Krishni is relatively more polluted than 
Hindon and is indicated to be influent nearly throughout its course. Higher TDS zones 
in groundwater, however, are more pronounced along the right bank of the latter than 
along the left bank of the former. This may possibly imply that under the given 
conditions, hydrogeological parameters are more important in spatial distribution of 
the chemistry underground than the chemistry of the contributing water body. 
Another factor that seems to affect the distribution of TDS is the depth to 
groundwater level. Higher TDS values tend to confine shallow ground levels (Figures 
6.2a and 6.2b). Such a relationship is not surprising as shallower groundwater that are 
peripheral to rivers would be more prone to contaminations. When compared to water 
table contour maps (Figures 6.5a and 6.5b), no clear relationship emerges. As a matter 
of fact, except for the southern tip of the area to some extent, water table contours cut 
across those of TDS values (Figure 9.1). 
There does not seem to be a relationship between the isopermeability map 
(Figure 6.9) and TDS values. As a matter of fact, distribution of TDS should be as 
comparable to the isopermeability map as to the sand percent map (Figure 5.4), but 
this is not the case. Mutual inconsistencies between the isopermeability and sand 
percent maps have already been discussed in Chapter-6. 
There is a good relationship between TDS and the map showing distribution of 
groundwater vulnerability (to pollution) index (Figure 8.1). Higher TDS values of 
>1200 mg/1 tend to coincide with the vulnerability index of 170 to 180, whereas TDS 
values of 500 to 850 mg/1 fall in zones of vulnerability index of 140 to 160. This is 
good that chemical parameters are relatable to attributes of groundwater to pollution 
vulnerability, which have been estimated using the DRASTIC model taking into 
consideration hydrological and hydrogeological parameters only. This also increases 
the confidence level in the hydrogeochemical data and the approach in preparing the 
vulnerability map. 
The relationship that emerges between the distribution of TDS (Figure 9.1) 
and silica (Figure 10.11) is interesting. Silica values of > 30 mg/1 are seen in the 
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northern and the southern parts of the area. These coincide with TDS values of 500 to 
850 mg/1. On the other hand, Si02 values of < 30 mg/1 tend to occur in zones with 
zones with higher TDS values of 850 to 1200 mg/1. This is exactly the relationship 
that is expected. This implies that relatively lower TDS samples have a larger 
proportion of groundwater of deeper origin and those with higher TDS have a 
substantial component of low-silica water derived from the surface. The low-silica 
water may either be from the rivers or may be contaminations-enriched rain water 
descending underground. 
In general, therefore, it may be summarized that the distribution of chemical 
parameters is controlled by hydrogeological factors. Another point that emerges is 
that silica values provide important information on the proportions in which 
groundwaters of deeper and surface origin mixed, and in ideal conditions plots of 
silica against TDS and CI may be helpful in writing mass balance equations for such 
mixing. 
11.3 FINDINGS OF THE STUDY 
Some significant findings of the present study are given below: 
1. Lowering of water table by up to 2.32 m has been recorded during the period 
from June, 2006 and June, 2007. Hydrographs have shown an average annual 
decline of groundwater level by 0.07 to 1.1 m. 
2. Two significant groundwater troughs have been observed at Mohammadpur 
Raising and Lank in the northern part of the area. These, and the steep 
hydraulic gradient in the area observed at a number of places, are related to 
excessive pumping. 
3. Groundwater budget studies have rung the alarm bells. The total recharge is 
calculated at 185 Mcum, whereas the total discharge rate is estimated at 253 
Mcum. Thus a negative budget of 68 Mcum is indicated. The stage of 
groundwater development is estimated 137%. This necessitates regulating the 
future groundwater development in the area by employing strategic 
management and imposing stricter policies. 
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4. The study indicates that the zones adjacent to the left banic of Krishni and right 
bank of Hindon are more vulnerable to groundwater pollution than the area 
lying between the two rivers. 
5. Groundwater is predominantly Na-K-HCOs type, its characteristic feature 
being high TDS, relative enrichment in SO4 and abundance in alkalis. 
6. Both the rivers are polluted, Krishni being more polluted than Hindon. The 
source of contaminants is in factory and sewage discharges, discarded leachate 
and chemicals, fertilizers and municipal and organic wastes. It has been 
established beyond doubt that sulphate is being added to the rivers from sugar 
factories. 
7. Soils of the area have high concentration of water-soluble ions, such as, Na, K, 
Ca, Mg, CI and HCO3. Bulks of these have been derived from NPK and 
sulphate fertilizers. 
8. Silica concentrations range from <10 to 45 mg/1. Nine out of 12 samples 
analysed, however, have values of >30 mg/1. These values may be translated 
to temperature levels of about 50 to 66 °C. On the basis of average subsurface 
thermal gradient of about 30 to 35 °C/km, the groundwater seems to represent 
the levels of 800 to 1000 m. This, in other words, imply that the groundwater 
sampled have residence in the granular zone only. 
9. Source of almost all the major ions is through natural processes, such as, 
water-rock interaction and dissolution, and industrial, municipal and domestic 
wastes and discards. The role of anthropogenic sources is rather 
overwhelming. 
10. There are temporal, as well as, spatial variations in the chemical quality of 
groundwater. Temporal variations are seen in the form of relative dilution in 
post-monsoon period and are more pronounced for cations. Spatial variations 
are in response to hydrogeological influences. 
11. The area provides a characteristic example of a situation which is being 
witnessed in many parts of the country, in general, and Ganga - Yamuna 
plain, in particular. Both quality and quantity of the precious groundwater 
resource are being detrimentally affected and a situation has arrived when 
nothing can probably be done except regulating the future course of 
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groundwater development and minimizing the deterioration caused to the 
system by industries. 
11.4 RECOMMENDATIONS 
Groundwater management is the prerequisite for the groundwater protection. The 
quantification of the available groundwater resource of an area is important for 
evolving a sustainable development strategy and that is why a water balance study has 
been carried out in the area. This study has indicated a substantially negative budget, 
which, as a matter of fact, was expected in view of the observations in the area over a 
period of three years on ever increasing rate of withdrawal of groundwater through 
various means. With this background, following recommendations are being offered 
for better water management: 
> Further groundwater developments: The water balance calculations indicate 
that even the present rate of withdrawal may not be sustainable. Therefore, no 
further groundwater exploitation should be allowed. 
> Controlled abstraction: In order to reduce total abstraction even the present rate 
of pumping has to be carefully controlled. It is recommended that a constant 
watch be kept on water levels in the dug wells and tube wells to check the over 
drafting 
> Augmentation of water resources: Suitable, measures for augmentation of 
groundwater resources may be adopted e.g. artificial recharge and rain-water 
harvesting may ease the situation. 
> Further investigations: Several components of the groundwater balance are time 
dependent and further scientific investigations should be carried out for periodic 
up date of data. 
> Groundwater quality: It is possible that further pumping may lead to a 
deterioration of groundwater quality leading to its unsuitability as a drinking water 
source. Groundwater quality investigations are required periodically. 
> Propagation of efficient irrigation methods: water management practices 
including modem methods of irrigation like sprinkler, drip have to be 
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implemented with immediate effect. Farmers of the region can be made aware of 
these facilities so as to minimize the consumption of water for irrigation. 
> Stopping subsidized power supply: The pumping mainly depends on the electric 
supply. The electric supply in the study area is at a very subsidized rate and due to 
this lot of water is wasted. Moreover, frequent power theft instances also 
encourage farmers for indiscriminate pumping. 
> Night irrigation: Irrigation during day time in summer season when the sun heat 
is at maximum peak should be avoided. 
> Construction of recharge structures: Percolation ponds and community tanks 
are the potential techniques for recharging the groundwater aquifer utilizing the 
excess water available during monsoon season. 
> Betterment of canal network: In the present position the canal system in the 
study area is unplanned and confined to the neighborhood of main canal. The 
canal system of lower part does not receive water from the chief canal. Moreover, 
canals are not properly constructed. Suitable management policy is needed in this 
regard. 
> Quality of soil: To restore soil fertility and organic matter, various soil 
management practices have to be propagated through Government agencies. 
> Waste Management: The contamination of groundwater is continuously 
increasing due to industrial effluents, garbage dumps, septic tank, municipal waste 
water and pesticides. This requires a serious concern as retrieval of aquifers, once 
polluted, is not possible. It is suggested that the urban land fill, garbage dumps 
and effluent channels should be lined to prevent the percolation of contaminants in 
the aquifer. One critical aspect of preventing groundwater pollution is the 
identification of the recharge areas of aquifers. 
> Silica distribution: It is recommended that silica determinations should be taken 
up in all groundwater investigations. This study has revealed that Si02 values are 
of great significance in understanding the level of origin of groundwater and 
aquifer-related processes, such as, mixing of two end-member waters. Its plots 
against CI and TDS may provide information which may be substantiated by 
hydrogeological data. 
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> Legislation: Groundwater-related situation is precarious not only in the area 
under the present study, but in the entire Ganga plain, in particular, and country, in 
general. What is required now is that a strict groundwater legislation should be 
brought in to regulate harnessing of groundwater resources as per the guidelines 
laid down by the Government. 
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APPENDICES 
APPENDIX-I (A) 
Statistical Analysis of Rainfall data at Budhana Raingauge Station 
S.NO 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
Year 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
Rainfall 
(X) 
601.9 
588 
551 
574.7 
683.7 
596.5 
379.04 
592.1 
486.6 
777.9 
960.7 
327.5 
354.5 
319.9 
321.6 
747.6 
286.6 
780.26 
652.7 
140.05 
268 
361.8 
955.8 
553.7 
384.3 
527.1 
2043.6 
906 
336 
911 
427.3 
455.3 
576.6 
616.4 
443.8 
1034.5 
488.8 
521.4 
461.91 
538.7 
Average 
(Y) 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
588.37 
Departure 
(X/Y)-1 
0.02 
0.00 
-0.06 
-0.02 
0.16 
0.01 
-0.36 
0.01 
-0.17 
0.32 
0.63 
-0.44 
-0.40 
-0.46 
-0.45 
0.27 
-0.51 
0.33 
0.11 
-0.76 
-0.54 
-0.39 
0.62 
-0.06 
-0.35 
-0.10 
2.47 
0.54 
-0.43 
0.55 
-0.27 
-0.23 
-0,02 
0.05 
-0.25 
0.76 
-0.17 
-0.11 
-0.21 
Cumulative 
Departure 
0.02 
0.02 
-0.04 
-0.06 
0.10 
0.11 
-0.24 
-0.24 
-0.41 
-0.09 
0.54 
0.10 
-0.30 
-0.75 
-1.21 
-0.94 
-1.45 
-1.12 
-1.01 
-1.78 
-2.32 
-2.70 
-2.08 
-2,14 
-2.49 
-2.59 
-0.12 
0.42 
-0.01 
0.54 
0.27 
0.04 
0.02 
0.07 
-0.18 
0.58 
0.41 
0.30 
0.08 
-0.08 1 0.00 
(X-Y) 
13.53 
-0.37 
-37.37 
-13.67 
95.33 
8.13 
-209.33 
3.73 
-101.77 
189.53 
372.33 
-260.87 
-233.87 
-268.47 
-266.77 
159.23 
-301.77 
191.89 
64.33 
-448.32 
-320.37 
-226.57 
367.43 
-34.67 
-204.07 
-61.27 
1455.23 
317.63 
-252.37 
322.63 
-161.07 
-133.07 
-11.77 
28.03 
-144.57 
446.13 
-99.57 
-66.97 
-126.46 
-49.67 
(X-Y)^ 
183.02 
0.14 
1396.52 
186.87 
9087.81 
66.10 
43819.05 
13.91 
10357.13 
35921.62 
138629.63 
68053.16 
54695.18 
72076.14 
71166.23 
25354.19 
91065.13 
36821,77 
4138.35 
200990.82 
102636.94 
51333.96 
135004.80 
1202.01 
41644.56 
3754.01 
2117694.35 
100888.82 
63690.62 
104090.12 
25943.54 
17707,62 
138.53 
785.68 
20900.48 
199031.98 
9914.18 
4484.98 
15992.13 
2467.11 
APPENDIX! (B) 
Statistical Analysis of Rainfall data at Shamli Raingauge Station 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Year 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
Rainfall 
(X) 
1067 
455 
758 
206 
925.5 
1099.2 
980 
985 
1390 
422 
442 
545 
578 
655 
580 
635 
432.25 
394.1 
Average 
(Y) 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
697.2 
Departure 
(XA')-l 
0.53 
-0.35 
0.09 
-0.70 
0.33 
0.58 
0.41 
0.41 
0.99 
-0.39 
-0.37 
-0.22 
-0.17 
-0.06 
-0.17 
-0.09 
-0.38 
-0.43 
Cumulative 
Departure 
0.53 
0.18 
0.27 
-0.43 
-0.11 
0.47 
0.87 
1.29 
2.28 
1.89 
1.52 
1.30 
1.13 
1.07 
0.90 
0.81 
0.43 
0.00 
(X-Y) 
369.8 
-242.2 
60.8 
-491.2 
228.3 
402 
282.8 
287.8 
692.8 
-275.2 
-255.2 
-152.2 
-119.2 
-42.2 
-117.2 
-62.2 
-264.95 
-303.1 
(X-Y)^ 
136752.04 
58660.84 
3696.64 
241277.44 
52120.89 
161604 
79975.84 
82828.84 
479971.84 
75735.04 
65127.04 
23164.84 
14208.64 
1780.84 
13735.84 
3868.84 
70198.503 
91869.61 
APPENDIX II 
Lithological Logs of Boreholes Drilled by the State Tubewell Department, 
Krishnii-Hindon inter-stream region, Western Uttar Pradesh 
S.NO. LITHOLOGY DEPTH THICKNESS 
WELL NO. 2 
LOCATION: JAULA 
L 
2. 
3. 
4. 
5. 
6. 
7. 
Hard Clay & Kankar 
Fine sand & Kankar 
Medium sand & conglomerate 
Hard clay & Kankar 
Fine sand & Kankar 
Fine to medium sand 
Hard clay & Kankar 
0- 48.6 
48.6- 60.3 
60.3- 67.4 
67.4-75.1 
75.1-78.4 
78.4- 94.6 
94.6- 96.4 
48.6 
11.7 
7.1 
7.7 
3.3 
16.2 
1.8 
WELL NO. 40 SL 
LOCATION: DURGANPUR 
1 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Surface clay 
Clay & Kankar 
Fine sand 
Clay & Kankar 
Fine Sand 
Hard clay & Kankar 
Medium sand 
Clay & Kankar 
Fine to coarese sand 
Clay & Kankar 
Fine sand & sandstone 
Hard clay & Kankar 
Fine to medium sand & Kankar 
Clay & Kankar 
WELL NO. 70 
LOCATION; 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
; SHIKARPUR 
Clay & Kankar 
Fine sand 
Clay & Kankar 
Fine sand 
Clay & Kankar 
Fine to medium sand and pebbles 
Clay 
0-3 
3-15 
15-18.6 
18.6-26.4 
26.4- 27.9 
27.9- 32.4 
32.4- 36.6 
36.6- 45 
45- 64.2 
64.2-71.4 
71.4-75 
75-78 
78-93 
93- 105 
0-12 
12-21 
21-39 
39-45 
45- 55.5 
55.5- 87 
87-93 
3 
12 
3.6 
7.8 
1.5 
4.5 
4.2 
8.4 
19.2 
7.2 
3.6 
3 
15 
12 
12 
9 
18 
6 
10.5 
31.5 
6 
HI 
S. NO. LITHOLOGY 
WELL N0.75 
LOCATION: KHANPUR 
L Clay&Kankar 
2. Fine to medium sand 
3. Clay & Kankar 
4. Fine to medium sand 
5. Clay & Kankar 
6. Fine to coarse sand 
7. Clay & kankar 
8 Fine to medium sand 
9. Clay & Kankar 
WELL N0.37 
LOCATION: FATEHPUR 
1. Clay «& Kankar 
2. Fine sand 
3. Hard clay & Kankar 
4. Fine sand & Kankar 
5. Clay & Kankar 
6. Fine to medium sand & Kankar 
7. Clay & Kankar 
8. Fine to coarse sand & Pebbles 
9. Clay &. kankar 
10. Fine to medium sand 
11. Clay 
WELL N0.37A 
LOCATION: JALALPUR 
1. Clay&Kankar 
2. Fine sand 
3. Hard clay 
4. Fine sand & clay 
5. Clay & kankar 
6. Fine to medium sand & kankar 
7. Clay 
8. Fine sand 
9. Clay 
DEPTH 
0-9 
9-21 
21-27 
27-46.5 
46.5- 53.4 
53.4- 67.5 
67.5- 78 
78- 84.6 
84.6- 88.2 
0-6 
6-9 
9-21 
21-24 
24- 29.4 
29.4- 49.5 
49.5-51 
51-73.5 
73.5- 84 
84-93 
93-96 
0-6.6 
6.6-15.9 
15.9-22.5 
22.5- 24 
24-48 
48- 78.3 
78.3- 82.5 
82.5- 88.5 
88.5- 90 
THICKNESS 
9 
12 
6 
19.5 
6.9 
14.1 
10.5 
6.6 
3.6 
6 
3 
12 
3 
5.4 
20.1 
1.5 
22.5 
10.5 
9 
3 
6.6 
9.3 
6.6 
1.5 
24 
30.3 
4.2 
6 
1.5 
IV 
S.NO. LITHOLOGY DEPTH THICKNESS 
WELL N0.24 
LOCATION: MOHAMMADPUR RAISING 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Clay &. Kankar 
Fine to medium sand & kankar 
Sandy clay 
Fine to medium sand 
Clay 
Coarse to fine sand 
Clay 
Coarse sand 
Hard clay 
0-16.2 
16.2- 36.9 
36.9-45.9 
45.9- 55.5 
55.5- 57.9 
57.9- 81 
81-83.4 
83.4- 94.8 
94.8- 95.7 
16.2 
20.7 
9 
9.6 
2.4 
23.1 
2.4 
11.4 
0.9 
WELL NO. 3 NL 
LOCATION: LUHSANA 
1. Hard clay & kankar 
2. Fine sand & kankar 
3. Hard clay 
4. Fine sand 
5. Hard clay 
6. Coarse to fine sand 
7. Hard clay 
8. Fine to coarse sand 
WELL NO. 74 
LOCATION: PHUGHANA 
1. Clay & kankar 
2. Fine sand & kankar 
3. Clay 
4. Fine sand 
5. Clay & kankar 
6. Fine sand & kankar 
7. Clay & kankar 
8. Fine to medium sand 
9. Clay & kankar 
10. Coarse to fine sand 
11. Clay & kankar 
0-15.6 
15.6-21 
21-34.5 
34.5- 37.8 
37.8- 57.3 
57.3-81.6 
81.6-87 
87-95.4 
0-6 
6-9 
9-15 
15-24 
24- 32.4 
32.4- 38.4 
38.4-41.4 
41.4-50.4 
50.4- 54.9 
54.9- 77.4 
77.4- 83.4 
15.6 
5.4 
13.5 
3.3 
19.5 
24.3 
5.4 
8.4 
6 
3 
6 
9 
8.4 
6 
3 
9 
4.5 
22.5 
6 
S. NO. LITHOLOGY 
WELL NO. 60 NL 
LOCATION: HABIBPUR 
1 Surface clay 
2. Fine sand 
3. Clay 
4. Fine sand 
5. Clay&kankar 
6. Fine to coarse sand & kankar 
7. Clay 
8. Fine to coarse sand 
9. Clay 
WELL N0.88 
L0CATI0N:DH0LRI 
1. Surface clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Sandy clay 
5. Fine to medium sand 
6. Clay 
WELL N0.85 
LOCATION: DUNGER 
1. Clay & kankar 
2. Fine to medium sand 
3. Hard clay 
4. Medium sand 
5. Clay&kankar 
6. fine to medium sand 
7. Clay & kankar 
8. Medium sand 
9. Clay & kankar 
WELL NO. 95 
LOCATION: DHOLRA 
1. Clay 
2. Medium sand 
3. Clay 
DEPTH 
0-9.6 
9.6-21 
21-25.2 
25.2- 26.7 
26.7- 40.2 
40.2- 69 
69- 79.8 
79.8- 98.4 
98.4- 99 
0-36 
36-39 
39-57 
57- 58.5 
58.4- 92.4 
92.4- 97.2 
0-36 
36- 73.2 
73.2-81.9 
81.9-95.4 
95.4- 102 
102- 105 
105- 106.5 
106.5-117.6 
117.6-121.2 
0-9 
9-15 
15-21 
THICKNESS 
9.6 
11.4 
4.2 
1.5 
13.5 
28.8 
10.8 
18.6 
0.6 
36 
3 
18 
1.5 
33.9 
4.8 
36 
37.2 
8.7 
13.5 
6.6 
3 
1.5 
11.1 
3.6 
9 
6 
6 
VI 
S.NO. LITHOLOGY DEPTH THICKNESS 
4. 
5. 
6. 
7. 
6. 
7. 
8. 
9. 
Fine sand 
Clay 
Medium sand 
Clay 
Medium sand 
Clay & kankar 
Medium sand & pebbles 
Clay 
21-24 
24-33 
33-39 
39-48 
48- 57.9 
57.9- 63 
63-93 
93-103.2 
3 
9 
6 
9 
9.9 
5.1 
30 
10.2 
WELL N0.95 
LOCATION: CHAROLl 
1. Clay 
2. Fine sand 
3. Clay «S: kankar 
4. Medium sand 
5. Clay 
6. Fine sand 
7. Hard clay 
8. Medium sand 
9. Clay 
WELLNO.lll 
LOCATION: GRAHMALPUR 
1. Clay 
2. Fine to medium sand 
3. Clay & kankar 
4. Medium sand 
5. Clay & kankar 
6. Medium sand with sand stone 
7. Sandy clay 
0-9 
9-12 
12-18 
18-24 
24-27 
27-30 
30-36 
36-81 
81-85.2 
0-7.5 
7.5-41.7 
41.7-51.6 
51.6-72 
72- 83.1 
83.1- 126.9 
126.9-138 
9 
3 
6 
6 
3 
3 
6 
45 
4.1 
7.5 
35.2 
9.9 
20.4 
11.1 
43.8 
11.1 
WELL N0.8 
LOCATION: LOI 
1. 
2. 
3. 
4. 
5. 
Clay & kankar 
Sandy clay 
Clay «S: kankar 
Fine sand & kankar 
Clay & kankar 
0- 28.2 
28.2- 30.3 
30.3- 36.3 
36.3-43.5 
43.5-51.6 
28.2 
2.1 
6 
7.2 
8.1 
VII 
S.NO. LITHOLOGY DEPTH THICKNESS 
6. 
7. 
8. 
Coarse sand & pebbles 
Clay & kankar 
Medium to coarse sand 
WELL N0.29 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
WELL NO. 1 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
n. 
PARSAULI 
Clay 
Fine sand 
Clay 
Sandy clay 
Fine sand 
Clay 
Fine to medium sand 
Sandy clay 
Medium to fine sand &. kankar 
Clay 
Fine to coarse sand 
Clay 
1 
: BARAUDA 
Clay 
Fine sand 
Clay & kankar 
Fine to medium sand 
Clay 
Fine to medium sand 
Clay 
Fine to medium sand 
Sandy clay 
Fine sand 
Sandy clay 
51.6-68.1 
68.1-69.9 
69.9- 97.5 
0-3 
3-6 
6-18 
18-21 
21-37.8 
37.8- 45 
45-51 
51-54 
54-72 
72-75 
75-99 
99-102 
0-6 
6-9 
9-24 
24-31.8 
31.8-36 
36-54 
54-63 
63-84 
84-90 
90-93 
93-99 
16.5 
1.8 
27.6 
3 
3 
12 
3 
16.8 
7.2 
6 
3 
18 
3 
24 
3 
6 
3 
15 
7.8 
4.2 
18 
9 
21 
6 
3 
6 
WELLN0.81 
LOCATION: SARAI 
1 
2. 
3. 
Clay & kankar 
Fine sand & kankar 
Clay & kankar 
0-9.6 
9.6-12 
12-36 
9.6 
2.4 
24 
vin 
S. NO. LITHOLOGY 
4. Medium sand 
5. Clay & kankar 
6. Medium sand 
7. Clay & kankar 
WELL N0.45 A 
LOCATION: UKAWLI 
1. Clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Fine to medium sand 
5. Clay & kankar 
6. Fine to coarse sand 
7. Clay 
WELL NO. 43 
LOCATION: KURALSI 
1. Clay 
2. Fine sand 
3. Clay 
4. Fine sand 
5. Clay 
6. Medium sand 
7. Clay & kankar 
8. Fine to medium sand & kankar 
WELLN0.19A 
LOCATION: BIRAL 
1. Clay 
2. Fine sand & kankar 
3. Clay & kankar 
4. Fine to medium sand & kankar 
5. Clay 
6. Medium sand & kankar 
7. Clay & kankar 
8. Medium sand & kankar 
WELL N0.44A 
LOCATION: KUTUBPUR DATANA 
1 Clay 
2. Fine sand 
3. Clay & kankar 
DEPTH 
36- 65.4 
65.4- 72 
72- 84.6 
84.6- 87.6 
0-18 
18-21.6 
21.6-27 
27-42 
42-45 
45-93 
93- 94.5 
0-3 
3-6 
6-33 
33-39 
39-45 
45-63 
63-75 
75-96 
0-4.8 
4.8- 19.8 
19.8-43.5 
43.5- 67.5 
67.5- 70.5 
70.5- 76.5 
76.5-81 
81-90.3 
0-3 
3-6 
6-15 
THICKNESS 
29.4 
6.6 
12.6 
3 
18 
3.6 
5.4 
15 
3 
48 
1.3 
3 
3 
27 
6 
6 
18 
12 
21 
4.8 
15 
23.7 
24 
3 
6 
4.5 
9.3 
3 
3 
9 
IX 
S.NO. LITHOLOGY DEPTH THICKNESS 
4. 
5. 
6. 
7. 
8. 
9 
Medium sand 
Clay «& kankar 
Fine to medium sand 
Clay 
Medium to coarse sand 
Clay 
15-21 
21-27 
27-42 
42-45 
45- 76.8 
76.8- 81 
6 
6 
15 
3 
31.8 
4.2 
WELL NO. 14A 
LOCATION: LESADH 
1. 
2. 
3. 
4. 
Clay & kankar 
Medium sand 
Clay & kankar 
Coarse to fine sand & kankar 
0-19.5 
19.5-24 
24- 52.2 
52.2- 84.6 
19.5 
4.5 
28.2 
32.4 
WELL N0.45 
LOCATION: KHARAR 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Clay 
Medium sand 
Clay 
Fine sand to coarse sand & kankar 
Clay & kankar 
Fine saiid & kankar 
Clay 
Fine to medium sand & kankar 
Clay 
0-10.2 
10.2-23.4 
23.4- 55.5 
55.5- 72.6 
72.6- 76.5 
76.5- 85.2 
85.2-91.2 
91.2-116.1 
116.1-117 
10.2 
13.2 
32.1 
17.1 
3.9 
8.7 
6 
24.9 
0.9 
WELL N0.22 
LOCATION: LANK 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Clay & kankar 
Fine sand 
Clay & kankar 
Fine sand 
Clay & kankar 
Fine sand 
Clay 
Fine to medium sand & pebbles 
Clay 
Fine to medium sand & kankar 
Clay & kankar 
Medium sand 
Clay & kankar 
0-16.5 
16.5-25.8 
25.8- 33.6 
33.6- 39 
39-42 
42-45 
45- 52.8 
52.8- 73.2 
73.2- 75 
75-87 
87- 89.4 
89.4- 94.5 
94.5- 97.5 
16.5 
9.3 
7.8 
5.4 
3 
3 
7.8 
20.4 
1.8 
12 
2.4 
5.1 
3 
S.NO. LITHOLOGY DEPTH THICKNESS 
14. 
15. 
16. 
17. 
18. 
19. 
Fine to medium sand 
Clay & kankar 
Fine to medium sand 
Clay & kankar 
Medium sand & kankar 
Clay & kankar 
97.5- 103.5 
103.5-111 
111-113.4 
113.4-118.5 
118.5-128.4 
128.4- 138 
6 
7.5 
2.4 
5.1 
9.9 
9.6 
WELL NO. 28 
LOCATION: BATRARI 
1 
2. 
3. 
4. 
5. 
6. 
7. 
Clay 
Fine sand &. kankar 
Clay & kankar 
Medium sand & kankar 
Clay &. kankar 
Medium to coarse sand & kankar 
Clay 
WELL NO. 29 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
BHAWRI 
Clay 
Fine sand 
Clay 
Sandy clay 
Medium to coarse sand 
Clay 
Medium sand 
Clay & kankar 
Medium to coarse sand 
Clay 
Medium sand 
WELL NO. 33A 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
:BHANURAKHURD 
Clay 
0- 14.4 
14.4-28.8 
28.8-31.8 
31.8-40.2 
40.2- 43.8 
43.8-71.1 
71.1-72.9 
0-6 
6-18 
18-39.6 
39.6- 54 
54-61.5 
61.5-66.6 
66.6- 74.4 
74.4- 93 
93- 98.4 
98.4- 101.1 
101.1-106.2 
0-8.4 
Fine sand to medium sand & kankar 8.4- 24 
Clay 
Fine sand & kankar 
Clay 
Fine sand to medium sand& kankar 
Clay 
Fine sand & kankar 
24-45 
45- 54.3 
54.3- 57.3 
57.3- 84.3 
84.3- 85.2 
85.2- 87 
14.4 
14.4 
3 
8.4 
3.6 
27.3 
1.8 
6 
12 
21.6 
14.4 
7.5 
5.1 
7.8 
18.4 
5.4 
2.7 
5.1 
8.4 
15.6 
21 
9.3 
3 
27 
0.9 
1.8 
XI 
S.NO. LITHOLOGY DEPTH THICKNESS 
WELL NO. 30A 
LOCATION: KUDANA 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Clay&kankar 0-15 15 
Fine to medium sand 15- 24 9 
Clay 24- 30 6 
Fine sand 30-33 3 
Clay & kankar 33- 39 6 
Sandy clay 39- 42 3 
Fine to medium sand & kankar 42- 72 30 
Clay & kankar 72- 78 6 
Fine sand 78-81 3 
Clay&kankar 81-84 3 
Fine sand & sand stone 84- 87 3 
Clay&kankar 87-91.5 4.5 
Medium sand 91.5-105 13.5 
Clay 105-111 6 
WELL N0.2L 
LOCATION: KURTHAL 
1. 
2. 
3. 
4. 
5. 
6. 
Clay 
Sand 
Clay & kankar 
Sandy clay & kankar 
Fine to coarse sand 
Clay & kankar 
WELL NO. 45 NL 
LOCATION: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
BABRI 
Hard clay 
Fine sand 
Hard clay 
Fine sand & kankar 
Hard clay & kankar 
Fine sand 
Clay 
Fine to coarse sand 
Clay 
Fine to medium sand 
Hard clay & kankar 
Fine sand 
Clay 
Medium to coarse sand 
Clay 
0-19.5 
19.5-24 
24- 35.7 
35.7- 55.5 
55.5-93.3 
93.3- 94.5 
0- 22.5 
22.5- 28.5 
28.5- 37.5 
37.5-44.1 
44.1-48 
48-55.5 
55.5- 57 
57-68.1 
68.1-69.6 
69.6- 84 
84- 93.9 
93.9- 98.4 
98.4- 105 
105- 108.3 
108.3-112.5 
19.5 
4.5 
11.7 
19.8 
37.8 
1.2 
22.5 
6 
9 
6.6 
3.9 
7.5 
1.5 
11.1 
1.5 
14.4 
9.9 
4.5 
6.6 
3.3 
4.2 
XI1 
S. NO. LITHOLOGY 
16. Coarse to fine sand 
WELL NO. 38 
LOCATION: BANTIKHERA 
L Clay 
2. Fine to medium sand 
3. Clay &. kankar 
4. Medium sand &. pebbles 
5. Clay 
WELL NO. 46 
LOCATION: BHAJU 
1. Clay 
2. Fine sand 
3. Hard clay & kankar 
4. Fine sand atone 
5. Clay & kankar 
6. Fine to coarse sand 
7. Clay & kankar 
8. Fine to medium sand & kankar 
9. Hard clay 
WELL NO. 17 
LOCATION: KARAUDA 
1. Sandy clay 
2. Clay & kankar 
3. Sand & kankar 
4. Clay, kankar & boulders 
5. Coarse to fine sand &. kankar 
6. Hard clay & kankar 
7. Coarse to fine sand 
8. Clay 
9. Fine sand 
WELL NO. 44 
LOCATION: BUDHANA 
1. Clay & kankar 
2. Fine sand 
3. Hard clay 
4. Fine sand 
5. Hard clay 
DEPTH 
112.5-120.3 
0-10.5 
10.5-26.4 
26.4- 54 
54- 85.2 
85.2- 90 
0- 16.2 
16.2-27.6 
27.6- 43.5 
43.5-51 
51-63 
63-75 
75- 94.5 
94.5-110.4 
110.4-114 
0-8.4 
8.4-19.8 
19.8-23.1 
23.1-53.1 
53.1-86.1 
86.1-90 
90-102 
102- 108 
108- 109.5 
0-15 
15-18.9 
18.9-28.2 
28.2-31.2 
31.2-36.9 
THICKNESS 
7.8 
10.5 
15.9 
27.6 
31.2 
4.8 
16.2 
11.4 
15.9 
7.5 
12 
12 
19.5 
7.8 
3.6 
8.4 
11.4 
3.3 
30 
33 
3.9 
12 
6 
1.5 
15 
3.9 
9.3 
3 
5.7 
xm 
S. NO. LITHOLOGY 
6. Fine sand 
7. Clay 
8. Fine sand & sand stone 
9. Clay 
10. Fine to coarse sand & kankar 
WELL NO. 22 
LOCATION: RAJPUR 
1. Clay 
2. Fine sand 
3. Clay & kankar 
4. Fine to coarse sand 
5. Clay & kankar 
6. Fine to medium sand 
7. Clay 
WELL NO. 1A 
LOCATION: NAGWA 
1. Clay 
2. Sandy clay 
3. Clay 
4. Fine sand 
5. Clay 
6. Fine sand & kankar 
7. Clay 
8. Medium sand 
9. Clay 
10. Medium to coarse sand 
11. Sandy clay 
12. Coarse sand 
WELL N0.23 
LOCATION: TIKRI 
1. Clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Fine sand 
5. Clay & kankar 
6. Medium to fine sand 
7. Clay & kankar 
8. Medium to fine sand 
9. Clay and sand 
10. Clay & kankar 
DEPTH 
36.9- 39 
39- 40.5 
40.5- 48 
48- 54.6 
54.6- 99 
0- 14.4 
14.4- 22.5 
22.5-41.4 
41.4-66 
66-81.9 
81.9-95.1 
95.1-95.7 
0-9 
9- 13.5 
13.5-16.5 
16.55-22.5 
22.5-31.5 
31.5-43.2 
43.2- 49.2 
49.2- 52.5 
52.5- 56.4 
56.4- 80.1 
80.1-84 
84- 93.3 
0-9 
9-18 
18-33 
33-39 
39-42 
42-72 
72-75 
75- 87.9 
87.9- 90 
90- 94.2 
THICKNESS 
2.1 
1.5 
7.5 
6.6 
45 
14.4 
8.1 
18.9 
24.6 
15.9 
13.2 
0.6 
9 
4.5 
3 
6 
9 
11.7 
6 
3.3 
3.9 
23.7 
3.9 
9.3 
9 
9 
15 
6 
3 
30 
3 
12.9 
2.1 
4.2 
XIV 
S. NO. LITHOLOGY 
WELL NO. 16 
LOCATION: NIRPURA 
1. Clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Fine sand 
5. Clay & kankar 
7. Fine sand 
8. Clay & kankar 
9. Fine sand 
10. Clay & kankar 
11. Medium to fine sand 
12. Clay & kankar 
WELL NO. 10 
LOCATION: DAHA 
1. Clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Fine to medium sand 
5. Clay 
WELL N0.3 
LOCATION: PALRA 
1. Clay & kankar 
2. Medium sand 
3. Clay & kankar 
4. Medium sand & kankar 
5. Clay & kankar 
WELL NO. 13A 
LOCATION: BEGAMBAD GARH. 
1. Clay & kankar 
2. Fine to medium sand 
3. Clay & kankar 
4. Fine to medium sand 
5. Clay & kankar 
DEPTH 
0-12 
12-21 
21-30 
30-33 
33-36 
36-39 
39-42 
42-45 
45-48 
48-87 
87-90 
0-31.5 
31.5-37.5 
37.5- 46.5 
46.5-89.1 
89.1-91.5 
0-45 
45-61.5 
61.5-68.4 
68.4- 87 
87-90 
0-12 
12-15 
15-21 
21-69.6 
69.6- 75 
THICKNESS 
12 
9 
9 
3 
3 
3 
3 
3 
3 
39 
3 
31.5 
6 
9 
42.6 
2.4 
45 
16.5 
6.9 
18.6 
3 
12 
3 
6 
48.6 
5.4 
XV 
S. NO. LITHOLOGY 
WELLN0.13B 
LOCATION: SHAHJAHANPUR 
1. Clay & kankar 
2. Fine to medium sand 
3. Clay &. kankar 
4. Fine to medium sand 
5. Clay 
6. Sandy clay & kankar 
7. Fine to medium sand & kankar 
8. Clay 
9. Medium sand & kankar 
10. Clay & kankar 
WELL NO. 49 
LOCATION: GANGNOLI 
1. Clay & kankar 
2. Fine sand 
3. Clay & kankar 
4. Fine to medium sand 
5. Clay & kankar 
6. Medium sand & pebbles 
7. Clay 
WELL NO. 27 
LOCATION: GENDBRA 
1. Clay & kankar 
2. Sandy clay & kankar 
3. Clay &. kankar 
4. Fine to medium sand & kankar 
5. Coarse sand, conglo & pebble 
6. Hard clay & kankar 
7. Coarse to fine sand & kankar 
8. Hard clay 
WELL NO. 42 
LOCATION: BARNAWA 
1. Clay & kankar 
2. Fine sand 
3. Hard clay 
4. Fine sand 
5. Clay & kankar 
6. Fine to medium sand 
DEPTH 
0-12 
12-18 
18-33 
33-54 
54-63 
63- 66.9 
66.9- 96 
96- 96.9 
96.9- 100.5 
100.5-138 
0-9.15 
9.15- 18.30 
18.30-27.43 
27.43- 64 
64-73 
73- 79.80 
79.8- 82.30 
0-28 
28- 32.2 
32.2- 37.5 
37.5- 60.2 
60.2- 67.9 
67.9- 75.3 
75.3- 96.9 
96.9- 97.5 
97.5- 13.7 
13.7- 18.3 
18.3-27.4 
27.4- 36.6 
36.6- 42.7 
42.7- 57.9 
THICKNESS 
12 
6 
15 
21 
9 
3.9 
29.1 
0.9 
3.6 
37.5 
9.15 
9.15 
9.13 
36.57 
9 
6.8 
2.5 
28 
4.2 
5.3 
22.7 
7.7 
7.40 
21.6 
0.6 
10.65 
4.60 
9.1 
9.2 
6.1 
15.2 
XVI 
S.NO. LITHOLOGY DEPTH THICKNESS 
7. 
8. 
9. 
Hard clay & kankar 
Medium sand 
Clay & kankar 
57.9- 64 
64- 83.2 
83.2- 86.9 
6.1 
19.2 
3.5 
10. Fine to coarse sand & kankar 86.9-109.7 22.8 
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APPENDIX III (A) 
Latitude and Longitude and their corresponding x and y of monitoring wells 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Location 
Fatehpur 
Bantikhera 
Babri 
Lalukheri 
Jasoi 
BudhinaKalan 
Mohammadpur Madan 
sathu 
Sisauli 
Kudana 
Bhaju 
BahurnaKalan 
Shikarpur 
Mohammadpur Raising 
Budhana 
Raipur Aterna 
Kharar 
Lank 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhi Banjara 
Daha 
Shajahanpur 
Barnawa 
Rahatna 
Phusar 
Phugana 
Jaula 
Biral 
Tikri 
Doghat 
Gagnoli 
Mozizabad Nangal 
Dhanura Tikri 
Nirpura 
Satlieri 
Chajpur 
Latitude 
29° 27'58.2" 
29° 28'41.6" 
29°29' 40" 
29° 28' 24.8" 
29° 29' 52" 
29° 27' 26.7" 
29° 26' 42.6" 
29° 25'24" 
29° 25' .4" 
29° 25' 49" 
29° 24' 38.8" 
29° 23' 28" 
29° 21'41.7" 
29° 21'07" 
29° 17'39.5" 
29° 19'16" 
29° 21'40" 
29° 22' 43" 
29°21'32" 
29° 14' 50.8" 
29° 13'56.2" 
29° 12' 9.1" 
29° 11'16.4" 
29° 11'54.3" 
29° 9' 4.4" 
29° 06' 55.1" 
29° 07' 52.8" 
29° 09' 55" 
29° 20'15.6" 
29° 17' 13.5" 
29° 15'17.4" 
29° 1.3'50.1 
29° 11'41.1" 
29° 12'9.1" 
29° 11'1.3" 
29° 13'16.1" 
29° 13'44.8" 
29° 15'35.9" 
29° 17'24" 
Longitude 
77° 22'41.1" 
77° 24'1.8" 
77° 25' 47" 
77° 27' 45" 
77° 30'1.2" 
77° 29' 48.8" 
77° 28'12.4" 
77° 30'9" 
77° 28'17" 
77°22'1.1" 
77° 24' 55" 
77° 26' 53" 
77° 29'27.1" 
77° 29' 28.9" 
77° 28'13.8" 
77° 25' 20" 
77° 24' 60" 
77° 22' 59" 
77° 20'41" 
77° 27' 48" 
77° 30' 54.4" 
77° 30' 3.9" 
77° 27' 36.7" 
77° 24' 46.3" 
77° 24' 48.9" 
77° 25' 36.8" 
77° 23' 23" 
77° 23' 5" 
77° 23' 24.4" 
77° 2.4' 58.7" 
77° 21'6.4" 
77° 21'40.9" 
77° 21'44.3" 
77° 19'43.7" 
77° 19'59.9" 
77° 27' 5.4" 
77° 24' 44.8" 
77° 26' 53.3" 
77° 21'7" 
X 
8036 
10696 
13276 
16539 
20561 
19841 
17340 
20563 
17385 
7367 
12100 
15204 
19581 
16324 
17726 
13031 
12030 
8966 
5194 
16543 
22269 
20447 
16356 
11744 
11832 
12952 
9571 
9166 
9650 
12203 
5850 
6770 
8128 
3595 
3996 
15396 
10784 
15547 
5883 
y 
41280 
43028 
44495 
42262 
44696 
40593 
39207 
36894 
36188 
37491 
35469 
33477 
30405 
29257 
22905 
25853 
30074 
31986 
29787 
17704 
16252 
12778 
11261 
12358 
7246 
3348 
4896 
8798 
27602 
22023 
18640 
15345 
11891 
12908 
10737 
14918 
15733 
19267 
22384 
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APPENDIX III (B) 
Water level monitoring data (June 2006) 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Location 
Fatehpur 
BantiKhera 
Babri 
Lalukheri 
Jasoi 
BudhinaKalan 
Mohammadpur Madan 
sathu 
Sisauli 
Kudana 
Bhaju 
BahurnaKalan 
Shikarpur 
Mohammadpur Raising 
Budhana 
Raipur Atema 
Kharar 
Lank 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhi Banjara 
Daha 
Shajahanpur 
Bamawa 
Rahatna 
Phusar 
Phugana 
Jaula 
Biral 
Tikri 
Doghat 
Gagnoli 
Mozizabad Nangal 
Dhanura Tikri 
Nirpura 
Satheri 
Chajpur 
X 
8036 
10696 
13276 
16539 
20561 
19841 
17340 
20563 
17385 
7367 
12100 
15204 
19581 
16324 
17726 
13031 
12030 
8966 
5194 
16543 
22269 
20447 
16356 
11744 
11832 
12952 
9571 
9166 
9650 
12203 
5850 
6770 
8128 
3595 
3996 
15396 
10784 
15547 
5883 
y 
41280 
43028 
44495 
42262 
44696 
40593 
39207 
36894 
36188 
37491 
35469 
33477 
30405 
29257 
22905 
25853 
30074 
31986 
29787 
17704 
16252 
12778 
11261 
12358 
7246 
3348 
4896 
8798 
27602 
22023 
18640 
15345 
11891 
12908 
10737 
14918 
15733 
19267 
22384 
Elevation 
244.68 
244.26 
245.14 
245.31 
241.86 
242.45 
244.64 
237.17 
241.01 
239.40 
244.54 
243.32 
228.88 
229.77 
232.02 
238.21 
242.30 
242.36 
239.82 
234.45 
230.88 
229.34 
228.00 
232.93 
229.36 
225.86 
224.39 
230.42 
237.47 
237.97 
233.81 
234.13 
233.21 
229.92 
226.04 
233.24 
235.43 
234.93 
235.24 
H.iVIP 
0.7 
0.8 
0.7 
0.4 
0.63 
0.9 
0.4 
0.76 
0.62 
0.75 
0.73 
0.69 
0.7 
0.57 
0.76 
0.75 
0.63 
0.85 
0.3 
0.45 
0.7 
0.5 
0.6 
0.2 
0.21 
0.3 
0.25 
0.84 
0.7 
0.24 
0.4 
1.2 
0.6 
0.82 
0.6 
0.5 
0.75 
0.2 
0.28 
WL 
18.42 
18.36 
18.22 
17.45 
12.3 
13.15 
17.74 
13.1 
19.54 
18.79 
22.87 
18.87 
11.77 
21.7 
15.94 
24.11 
24.94 
28.63 
15.61 
25.83 
10.57 
13.56 
15.29 
25.78 
23.22 
13.06 
23.98 
28,55 
23.13 
23.15 
23.42 
25.62 
27.1 
14.45 
14.77 
22.86 
27.78 
21.69 
21.3 
BGL 
17.72 
17.56 
17.52 
17.05 
11.67 
12.25 
17.34 
12.34 
18.92 
18.04 
22.14 
18.18 
11.07 
21.13 
15.18 
23.36 
24.31 
27.78 
15.31 
25.38 
9.87 
13.06 
14.69 
25.58 
23.01 
12.76 
23.73 
27.71 
22.43 
22.91 
23.02 
24.42 
26.5 
13.63 
14.17 
22.36 
27.03 
21.49 
21.02 
Amsl 
226.96 
226.70 
227.62 
228.26 
230.19 
230.20 
227.30 
224.83 
222.09 
221.36 
222.40 
225.14 
217.81 
208.64 
216.84 
214.85 
217.99 
214.58 
224.51 
209.07 
221.01 
216.28 
213.31 
207.35 
206.35 
213.10 
200.66 
202.71 
215.04 
215.06 
210.79 
209.71 
206.71 
216.29 
211.87 
210.88 
208.40 
213.44 
214.22 
XIX 
APPENDIX III (C) 
Water level monitoring data (November 2006) 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Location 
Fatehpur 
Bantikhera 
Babri 
Lalukheri 
Jasoi 
BudhinaKalan 
Mohammadpur Madan 
sathu 
Sisauli 
Kudana 
Bhaju 
BahurnaKalan 
Shikarpur 
Mohammadpur Raising 
Budhana 
Raipur Atema 
Kharar 
Lank 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhi Banjara 
Daiia 
Shajahanpur 
Barnawa 
Rahatna 
Phusar 
Phugana 
Jaula 
Biral 
Tikri 
Dog hat 
Gagnoli 
Mozizabad Nangal 
Dhanura Tikri 
Nirpura 
Satheri 
Chajpur 
X 
8036 
10696 
13276 
16539 
20561 
19841 
17340 
20563 
17385 
7367 
12100 
15204 
19581 
16324 
17726 
13031 
12030 
8966 
5194 
16543 
22269 
20447 
16356 
11744 
11832 
12952 
9571 
9166 
9650 
12203 
5850 
6770 
8128 
3595 
3996 
15396 
10784 
15547 
5883 
y 
41280 
43028 
44495 
42262 
44696 
40593 
39207 
36894 
36188 
37491 
35469 
33477 
30405 
29257 
22905 
25853 
30074 
31986 
29787 
17704 
16252 
12778 
11261 
12358 
7246 
3348 
4896 
8798 
27602 
22023 
18640 
15345 
11891 
12908 
10737 
14918 
15733 
19267 
22384 
Elevation 
244.68 
244.26 
245.14 
245.31 
241.86 
242.45 
244.64 
237.17 
241.01 
239.40 
244.54 
243.32 
228.88 
229.77 
232.02 
238.21 
242.30 
242.36 
239.82 
234.45 
230.88 
229.34 
228.00 
232.93 
229.36 
225.86 
224.39 
230.42 
237.47 
237.97 
233.81 
234.13 
233.21 
229.92 
226.04 
233.24 
235.43 
234.93 
235.24 
H.IWIP 
0.7 
0.8 
0.7 
0.4 
0.63 
0.9 
0.4 
0.76 
0.62 
0.75 
0.73 
0.69 
0.7 
0.57 
0.76 
0.75 
0.63 
0.85 
0.3 
0.45 
0.7 
0.5 
0.6 
0.2 
0.21 
0.3 
0.25 
0.84 
0.7 
0.24 
0.4 
1.2 
0.6 
0.82 
0.6 
0.5 
0.75 
0.2 
0.28 
WL 
17.85 
17.99 
17.79 
17.88 
11.8 
12.44 
17.37 
12.6 
19.17 
18.56 
22.44 
18.43 
11.2 
21.27 
15.48 
23.6 
24.76 
28.31 
15.18 
25.4 
9.6 
14.05 
14.82 
25.22 
22.71 
12.48 
23.33 
28.18 
22.8 
22.82 
23.01 
25.2 
26.43 
13.99 
14.3 
22.3 
27.25 
21.08 
20.69 
BGL 
17.15 
17.19 
17.09 
17.48 
11.17 
11.54 
16.97 
11.84 
18.55 
17.81 
21.71 
17.74 
10.5 
20.7 
14.72 
22.85 
24.13 
27.46 
14.88 
24.95 
8.9 
13.55 
14.22 
25.02 
22.5 
12.18 
23.08 
27.34 
22.1 
22.58 
22.61 
24 
25.83 
13.17 
13.7 
21.8 
26.5 
20.88 
20.41 
Amsl 
227.53 
227.07 
228.05 
227.83 
230.69 
230.91 
227.67 
225.33 
222.46 
221.59 
222.83 
225.58 
218.38 
209.07 
217.30 
215.36 
218.17 
214.90 
224.94 
209.50 
221.98 
215.79 
213.78 
207.91 
206.86 
213.68 
201.31 
203.08 
215.37 
215.39 
211.20 
210.13 
207.38 
216.75 
212.34 
211.44 
208.93 
214.05 
214.83 
XX 
APPENDIX III (D) 
Water level monitoring data (June 2007) 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Location 
Fatehpur 
Bantikhera 
Babri 
Lalukheri 
Jasoi 
BudhinaKalan 
Mohammadpur Madan 
sathu 
Sisaulj 
Kudana 
Bhaju 
BahurnaKalan 
Shikarpur 
Mohammadpur Raising 
Budhana 
Raipur Atema 
Kharar 
Lank 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhi Banjara 
Daha 
Shajahanpur 
Barnawa 
Rahatna 
Phusar 
Phugana 
Jauia 
Biral 
Tikri 
Doghat 
Gagnoii 
Mozizabad Nangal 
Dhanura Tikri 
Nirpura 
Satheri 
Cliajpur 
X 
8036 
10696 
13276 
16539 
20561 
19841 
17340 
20563 
17385 
7367 
12100 
15204 
19581 
16324 
17726 
13031 
12030 
8966 
5194 
16543 
22269 
20447 
16356 
11744 
11832 
12952 
9571 
9166 
9650 
12203 
5850 
6770 
8128 
3595 
3996 
15396 
10784 
15547 
5883 
y 
41280 
43028 
44495 
42262 
44696 
40593 
39207 
36894 
36188 
37491 
35469 
33477 
30405 
29257 
22905 
25853 
30074 
31986 
29787 
17704 
16252 
12778 
11261 
12358 
7246 
3348 
4896 
8798 
27602 
22023 
18640 
15345 
11891 
12908 
10737 
14918 
15733 
19267 
22384 
Elevation 
244.68 
244.26 
245.14 
245.31 
241.86 
242.45 
244.64 
237.17 
241.01 
239.40 
244.54 
243.32 
228.88 
229.77 
232.02 
238.21 
242.30 
242.36 
234.45 
230.88 
229.34 
228.00 
232.93 
229.36 
225.86 
224.39 
230.42 
237.47 
237.97 
233.81 
234.13 
233.21 
229.92 
226.04 
233.24 
235.43 
234.93 
235.24 
H.iyflP 
0.7 
0.8 
0.7 
0.9 
0.63 
0.9 
0.4 
0.76 
0.62 
0.75 
0.36 
0.69 
0.7 
0.57 
0.76 
0.75 
0.63 
0.85 
0.54 
0.7 
0.5 
0.62 
0.2 
0.6 
0.3 
0.25 
0.84 
0.7 
0.24 
0.4 
1.2 
0.6 
0.82 
0.6 
0.5 
0.75 
0.2 
0.28 
WL 
19.29 
19.81 
19.47 
20.05 
12.6 
13.39 
18.32 
13.38 
20.52 
19.83 
23.18 
19.58 
11.67 
22.49 
16.52 
25.13 
27:2c 
3.029-
16.5 
26.67 
10.46 
14.88 
16.05 
27.83 
25.16 
13.26 
24.58 
30 
24.54 
23.15 
24.8 
26.95 
28.1 
15.17 
15.44 
24.15 
29.07 
23.01 
21.54 
BGL 
18.59 
19.01 
18.77 
19.15 
11.97 
12.49 
17.92 
12.62 
19.9 
19.08 
22.82 
18.89 
10.97 
21.92 
15.76 
Amsl 
226.09 
225.25 
226.37 
226.16 
229.89 
229.96 
226.72 
224.55 
221.11 
220.32 
221.72 
224.43 
217.91 
207.85 
216.26 
24:38,-2^^:53 
"56763 
29.44 
16.2 
26.13 
9.76 
14.38 
15.43 
27.63 
24.56 
12.96 
24.33 
29.16 
23.84 
22.91 
24.4 
25.75 
27.5 
14.35 
14.84 
23.65 
28.32 
22.81 
21.26 
215.67 
212.92 
223.62 
208.32 
221.12 
214.96 
212.57 
205.30 
204.80 
212.90 
200.06 
201.26 
213.63 
215.06 
209.41 
208.38 
205.71 
215.57 
211.20 
209.59 
207.11 
212.12 
213.98 
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APPENDIX III (E) 
Water level monitoring data (November 2007) 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Location 
Fatehpur 
Banttkhera 
Babri 
Lalukheri 
Jasoi 
BudhinaKalan 
Mohammadpur Madan 
sathu 
Sisauli 
Kudana 
Bhaju 
BahurnaKalan 
Shikarpur 
Mohammadpur Raising 
Budhana 
Raipur Atema 
Kharar 
Lank 
Lisadh 
Bitawda 
Qutubpur 
Nagwa 
Garhi Banjara 
Daha 
Shajahanpur 
Bamawa 
Rahatna 
Phusar 
Phugana 
Jaula 
Birai 
Tikri 
Doqhat 
Gagnoli 
IVIozizabad Nangal 
Dhanura Tikri 
Nirpura 
Satheri 
Chajpur 
X 
8036 
10696 
13276 
16539 
20561 
19841 
17340 
20563 
17385 
7367 
12100 
15204 
19581 
16324 
17726 
13031 
12030 
8966 
5194 
16543 
22269 
20447 
16356 
11744 
11832 
12952 
9571 
9166 
9650 
12203 
5850 
6770 
8128 
3595 
3996 
15396 
10784 
15547 
5883 
y 
41280 
43028 
44495 
42262 
44696 
40593 
39207 
36894 
36188 
37491 
35469 
33477 
30405 
29257 
22905 
25853 
30074 
31986 
29787 
17704 
16252 
12778 
11261 
12358 
7246 
3348 
4896 
8798 
27602 
22023 
18640 
15345 
11891 
12908 
10737 
14918 
15733 
19267 
22384 
Elevation 
244.68 
244.26 
245.14 
245.31 
241.86 
242.45 
244.64 
237.17 
241.01 
239.40 
244.54 
243.32 
228.88 
229.77 
232.02 
238.21 
242.30 
242.36 
239.82 
234.45 
230.88 
229.34 
228.00 
232.93 
229.36 
225.86 
224.39 
230.42 
237.47 
237.97 
233.81 
234.13 
233.21 
229.92 
226.04 
233.24 
235.43 
234.93 
235.24 
H.IVIP 
0.7 
0.8 
0.7 
0.9 
0.63 
0.9 
0.4 
0.76 
0.62 
0.75 
0.36 
0.69 
0.7 
0.57 
0.76 
0.75 
0.63 
0.85 
0.3 
0.54 
0.7 
0.5 
0.62 
0.2 
0.6 
0.49 
0,25 
0.64 
0.7 
0.24 
0.4 
1.2 
0.6 
0.82 
0.6 
0.5 
0.75 
0.2 
0.28 
WL 
19.52 
19.69 
19.35 
19.93 
12.5 
13.24 
18.95 
13.29 
20.69 
20.26 
23.68 
19.85 
10.78 
21.88 
16.14 
25.41 
28.46 
30.13 
17.34 
26.91 
10.37 
14.79 
15.93 
28.11 
25.03 
12.78 
24.4 
29.6 
24.67 
23.15 
25.07 
27.09 
28.02 
15.08 
15.32 
24.4 
29.14 
22.99 
23 
BGL 
18.82 
18.89 
18.65 
19.03 
11.87 
12.34 
18.55 
12.53 
20.07 
19.51 
23.32 
19.16 
10.08 
21.31 
15.38 
24.66 
27.83 
29.28 
17.04 
26.37 
9.67 
14.29 
15.31 
27.91 
24.43 
12.29 
24.15 
28.96 
23.97 
22.91 
24.67 
25.89 
27.42 
14.26 
14.72 
23.9 
28.39 
22.79 
22.72 
AMSL 
225.86 
225.37 
226.49 
226.28 
229.99 
230.11 
226.09 
224.64 
220.94 
219.89 
221.22 
224.16 
218.80 
208.46 
216.64 
213.55 
214.47 
213.08 
222.78 
208.08 
221.21 
215.05 
212.69 
205.02 
204.93 
213.57 
200.24 
201.46 
213.50 
215.06 
209.14 
208.24 
205.79 
215.66 
211.32 
209.34 
207.04 
212.14 
212.52 
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APPENDIX- V 
Water level data of permanent monitoring stations 
(Source: CGWB and UPGWD) 
Year 
Jun-91 
Nov-91 
Jun-92 
Nov-92 
Jun-93 
Nov-93 
Jun-94 
Nov-94 
Jun-95 
Nov-95 
Jun-96 
Nov-96 
Jun-97 
Nov-97 
Jun-98 
Nov-98 
Jun-99 
Nov-99 
Jun-00 
Nov-00 
Jun-01 
Nov-01 
Jun-02 
Nov-02 
Jun-03 
Nov-03 
Jun-04 
Nov-04 
Jun-05 
Nov-05 
Jun-06 
Nov-06 
Jun-07 
Nov-07 
Phusar 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
21.13 
18.68 
20.48 
19.18 
19.83 
20.28 
21.13 
21.53 
20.38 
23.98 
NA 
NA 
25.36 
21.83 
24.91 
24.28 
27.93 
28.46 
29.16 
28.96 
Daha 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
22 
17.88 
19.88 
18.78 
19.33 
20.08 
20.93 
21.38 
20.93 
24.28 
NA 
NA 
26.16 
21.93 
25.83 
24.28 
27.5 
27.6 
27.63 
27.91 
Budhana 
10.69 
9 
10.85 
10.85 
NA 
11.13 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
13.96 
15.18 
14.72 
15.76 
15.38 
Bamawa 
10.91 
10.46 
10.83 
10.46 
11.6 
11.6 
10.66 
10.26 
Jan-00 
11.6 
NA 
NA 
NA 
NA 
11.3 
11.68 
11.95 
12.1 
12.38 
12.6 
13.16 
12.3 
10.43 
11 
10.43 
11.26 
11.54 
11.64 
12.96 
12.29 
Shamli 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
6.93 
7.58 
8.6 
8.32 
9.51 
10.01 
10.5 
10.23 
10.8 
10.6 
11.35 
10.6 
13 
14.31 
15.63 
15.82 
17 
17.04 
XXV 
APPENDIX VI 
Grain size analysis of aquifer material 
Location: Fatehpur Depth: 43 m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
19 
0 
7.3 
0 
51.56 
71.4 
26.47 
15.34 
8.92 
Weigt retained 
in% 
9.5 
0 
3.65 
0 
25.57 
35.7 
13.3 
7.7 
4.58 
Cummulative 
weight % retained 
9.5 
9.5 
13.15 
13.15 
38.72 
74.42 
87.72 
95.42 
100 
Cummulative 
weight % passing 
90.5 
90.5 
86.85 
86.85 
61.28 
25.58 
12.28 
4.58 
0 
Location: Fatehpur Depth: 66 m 
IVIesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
15.3 
0 
5.72 
0 
26.78 
62.66 
49.48 
16.71 
23.35 
Weigt retained 
in% 
7.65 
0 
2.86 
0 
13.39 
31.33 
24.74 
8.355 
11.675 
Cummuiative 
weight % retained 
7.65 
7.65 
10.51 
10.51 
23.9 
55.23 
79.97 
88.325 
100 
Cummulative 
weight % passing 
92.35 
92.35 
89.49 
89.49 
76.1 
44.77 
20.03 
11.675 
0 
Location: Sarai Depth: SO m 
IVIesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
15.98 
2.05 
28.33 
0 
86.04 
39.94 
14.04 
3.94 
9.68 
Weigt retained 
in% 
7.99 
1.025 
14.165 
0 
43.02 
19.97 
7.02 
1.97 
4.84 
Cummulative 
weight % retained 
7.99 
9.015 
23.18 
23.18 
66.2 
86.17 
93.19 
95.16 
100 
Cummulative 
weight % passing 
92.01 
90.985 
76.82 
76.82 
33.8 
13.83 
6.81 
4.84 
0 
XXVI 
Location: Bhaju Depth: 66 m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
22.37 
1.9 
11.92 
0 
53.42 
60.18 
18.65 
11.4 
20.16 
Weigt retained 
in% 
11.185 
0.95 
5.96 
0 
26.71 
30.09 
9.325 
5.7 
10.08 
Cummulative 
weight % retained 
11.185 
12.135 
18.095 
18.095 
44.805 
74.895 
84.22 
89.92 
100 
Cummulative 
weight % passing 
88.815 
87.865 
81.905 
81.905 
55.195 
25.105 
15.78 
10.08 
0 
Location: Jaula Depth: 33 m 
IVIesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
5.1 
0 
14.18 
0 
74.1 
52.99 
27.38 
8.48 
17.77 
Weigt retained 
in% 
2.55 
0 
7.09 
0 
37.05 
26.495 
13.69 
4.24 
8.885 
Cummulative 
weight % retained 
2.55 
2.55 
9.64 
9.64 
46.69 
73.185 
86.875 
91.115 
100 
Cummulative 
weight % passing 
97.45 
97.45 
90.36 
90.36 
53.31 
26.815 
13.125 
8.885 
0 
Location: Jaula Depth: 66 m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
Pan 
Size 
(mm) 
0.84 
0.71 
0.41 
0.35 
0.25 
0.177 
0.125 
0.08 
0 
Weigt 
retained in 
gram 
7.57 
1.91 
24.98 
0 
102.81 
40.06 
11.47 
2.62 
8.58 
Weigt retained 
in% 
3.785 
0.955 
12.49 
0 
51.405 
20.03 
5.735 
1.31 
4.29 
Cummulative 
weight % retained 
3.785 
4.74 
17.23 
17.23 
68.635 
88.665 
94.4 
95.71 
100 
Cummulative 
weight % passing 
96.215 
95.26 
82.77 
82.77 
31.365 
11.335 
5.6 
4.29 
0 
xxvn 
